23. The method of claim 1, wherein the step of providing nucleotides comprises the step of 
proWtagjywrtone nucleotide selected from the group consisting of: inosinel'-triphosphate, 



f ^^pynmidinejibonucleotide 5 '-triphosphate, adenosine ribonucleotides-triphosphate, 
thymidine ribonucleotide 5 '-triphosphate, and modifications thereof. 



24. The method of claim 1, wherein the step of providing nucleotides comprises the step of 

providing at least one nucleotide selected from the group consisting o€2-thiocytidinl 

ribonucleotide S'-triphosphate, guanosin>ribonucleotide S'-triphosphate, ^Ser^ir^' 

ribonu cleotide 5 '-triphosphate, thymjS n^ ribonucleotide 5 '-triphosphate, and Modifications 
thereof.^ 



REMARKS 

Claims 1-10 were examined in this case. Claims 1-10 stand rejected under 35 U.S.C. § 
1 12, first paragraph, and claims 1-9 stand rejected under 35 U.S.C. § 1 12, second paragraph. 
The present Response amends claims 1, 3-8, and 10, cancels claim 9, and adds new claims 19- 
24. Each of the objections and rejections raised in the Office Action is addressed individually 
below. 



Support for the Amendment 

Support for the amendment to claim 1 can be found at page 4, lines 22-23 and page 15, 
lines 7-10. Support for the amendment to claims 3-8 can be found at page 4, lines 11-18. 
Support for the amendment to claim 10 can be found at page 7, lines 1-3. Support for new 
claims 19-24 can be found at page 18, lines 19-20 and page 25, lines 13-17. Finally, with respect 
to the claim language "and modifications thereof added to claims 3-8 and 19-24, Applicant 
wishes to direct the Examiner's attention to page 9, line 1 1 to page 1 1 line 19, where what is 
meant by modifications of ribo- and deoxyribonucleotide bases is clearly defined. Based on 
these definitions, it will be appreciated that these modifications include modifications to the 
phosphate moiety, the ribose ring, or the nitrogenous base of the nucleotide. No new matter has 
been added by these amendments. 
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Claims 1 -9 stand rejected under 35 U S C S 1 1 ? e 

,i B ~~ ,i - a ~"'"--~«---».-.~„ 



nucleic acids, but the term "unstructured" i 



In response, Applicant points out that the 
specification. The specification states that 



is unclear since all nucleic acids have 
term "unstructured nucleic acids" is defined in the 



some structure. 



"UNAs contain nucleotide base analogs or a mixture of h* 

unable to form base pa rs One or Wh n f fu , . waare 

v une or both of the nucleotides that together form an 

complementary sequence" (p age 15, lines 11-18). 
As but one last example, Applicant points to page 22 lines 20 2? wu 
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substantially complementary sequence elements within the same UNA polynucleotide 
molecule." Indeed, the specification proceeds to describe the particular base pairing concepts of 
unstructured nucleic acids in detail at page 15, line 19 to page 17, line 3. 

In light of the definition of unstructured nucleic acids provided in the specification, this 
aspect of the rejection should be withdrawn. 

In another aspect of the rejection, the Examiner asserts that the claims further specify 
proving nucleotide precursors "sufficient" to synthesize an unstructured nucleic acid which 
nuclei acd precursors include "pairs of complementary precursors that are unable to hybridize 
with one another." The Examiner questions whether both precursors are modified or whether 
just one precursor is modified. 

In response, claim 1 has been amended to recite "'sufficient to synthesize' a nucleic acid 
strand complementary to at least a portion of the template nucleic acid strand." Applicant 
subrmts that the meaning of this phrase would be clear to one skilled in the art. One skilled in 
the art would recognize that this phrase means that nucleotide precursors of nucleic acid bases 
(such as adenme, thymme, guanine, and cytosine), which are complementary to at least a portion 
of the nucleic acid bases in the template strand, are added to a reaction mix so that they are 
mcorporated into the growing nucleic add strand by a polymerase. In addition, the phrase "pairs 
of complementary precursors" has been replaced to with language that sets forth that the 
nucleotide precursors include first and second complementary nucleotides that are 
complementary to each other, wherein the at least two complementary nucleotides have a 
reduced ability to form intramolecular base pairs but can form intermodular base pairs. 

Regarding the question of whether one or both of the nucleotides is modified, Applicant 
due* the Examiner's attention to page 4, lines 3-10, where it is set forth that either one or both 
of the nucleotides may be modified. Specifically, the specification teaches that 

"the present invention provides a method of producing nucleic acid molecules 
with reduced levels of intramolecular base pairing by incorporating nucleotides 
having modified bases such that complementary bases in a nucleic acid molecule 
are unable to form stable hydrogen bond base pairs. A modified base pair may 
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compnse one modified base and one natural base, or i. may comprise n*o 
modtfied bases. Preferably, modified bases are position* in nucleic acid 
molecules of the present i„ V e„ tion ;„ o( 

complementary sequence ,„ reduce intramolecular base patring. Nudeic acid 
molecules of the present invention are produced by any method." 

■n Hgh, of these things, me claims appropriately contain no limitation „f eimer one „ two 

h light of the present amendment to the claims, and the teachings of the specification 
Apphcan, asserts tha, this aspect of the rejection should be withdrawn. 

In another aspect of the rejection, the Examiner asserts tha, the term "nucleotide 

~ r:r d such - ° ne ™ *• - — — - - - ~ 

me struck of me precursors. ,n addition, the Examiner points o„, tha, the phrase "nucleic 
«- P— m claim , has no antecedent basis, m response, although disagLng wtl l 
Exammer, asseriion ma, what is mean, by the phrase "nucleotide precursors" wou.d 
***** by one stilled in the art, Applet tas rep]aced , £ ^ ^ ^ 

lacks an.ec.en, basis, has been deleted, m light of these amendment, Applicant r^l mat 
this aspect of the rejection be withdrawn. 

The Examiner ftrrmer asserts tha, claims 2-8 refer ,o "nucleotides" art no, "nuclide 

^ speedy or combtnanons thereof, which is undear. m response, Applican, po i„,s 0 „, ma, 
fte amendment to Cairn 1 replacing "nucleotide prefers" with "nuclides" riders I f™ 

po 1 T ^ de ' aed *** 3 " 8 ' - 3 " 8 - been amended ,o 

bl^ t, 7 " Ude0 ' ide ° r C<,mbiM,i °" S " f «° -lec, 

T I ! PnnC ' P,eS ° f Wa,S °"- Cn * (~P» 1, lines 5-13). ,„ support of 

1 **" « - - .caches particular combing 0 T 
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nucleotides at page 4, lines 1 ,.,8 and more particularly page 15, line 19 to page 17 line 3 
Some exemplary pairs of nucleotides are illustrated in Figure 1 of the drawing. to ,igh, 0 f the 
above, withdrawal of this aspect of the rejection is requested. 

h another aspect of the rejection, the Examiner asserts that, at the end of claim 1 the last 
step does not dearly relate back to the preamble of the claim, m particular, the Examiner asserts 
that the claim does no. specifically claim synthesis of the "unstructured- nucleic acid In 
response, claim 1 has been amended so that the end of claim 1 recites synthesis of an 
unstructured nucleic acid. Withdrawal of this aspect of the rejection is requested. 

In another aspect of the rejection, the Examiner asserts that in claim 9, the preamble is 
not wntten correctly. Applicant apologizes for this oversight and submits that the preamble of 
Cam, 9 has been amended so that is i, correctly written so tha, this aspect of the rejection may be 

withdrawn. J 

Fmally, the Examiner states that claim 10 does not further limit claim 1 on the assertion 
^toUSA^^f^^^^ Claim 10 has been rewritten as a 
method claim: a method of usmg an unstructured nucleic acid synthesized by the method of 
chan 1 by adding the unstructured nucleic acid to a ligase assay, a polymerase extension assay 
or a nucle lc acid array, each containing at least one nucleic acid template, and allowing the ' 
unstructured nucleic acid to hybrids to the nucleic acid template. In light of the above 
withdrawal of this aspect of the rejection is requested. 

Rejections Under C^Jij^irstPar^raph 

Claims 1-10 stand rejected under 35 U.S.C. § 1 12, first paragraph, for lack of 
enablement. Specifically, the Exammer argues that the elected species of enzyme is an RNA 
Polymerase, but the dCTP, dGTP, dATP and dTTP are the natural precursors for making a DNA 
nuctac acid, not an RNA nucleic acid, and dITP is often used in sequence reactions of DNA. 

Claim 1 has been amended to recite a method of synthesizing an unstructured nucleic 
acd usmg an RNA polymerase and claim 9 has been canceled. In addition, claims 19-24 have 
been added to recite ribonucleotide triphosphates. 
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The method now claimed is folly enabIeH . t . 

Polymerases may be used ,o ge„e ra ,e RNA versions of ! **** tha ' 

- — — - - some WHmrCl LTC" 7" * * 
generating RNA version of UNAs include «, ! Polymerases sui lab ,e for 

Pa™ g se,ec,ivi, y for these alg ^ — «- ^ 

cDNA produces using me ribonucieotide triohoT, f ' ranSC,iP ' i0n ° f PCR « 

Polymerases- (page 25 , , ines I3 ., 7) ^ ™A anaiog paire „, m 

The Examiner asserts that an RNA polymerase will „ , 
»*er ribose precursors, such tha, one JL ^ '" '"^^ ^ P— , but 
amount of expennrentation to find unified W ° U ' d neCMSari ' y PraCfe » 

—red nuceic acid, ^ ^ o v ^ ^ * * ^ 

'»Pla.e by an RNA polymerase at the tiw 0 f me ' nCO,POra,ed in *° 8 " U * ic 

Paaiha CMutan, T7 RNA-po,^ ^ '~ an abstract by 

^™~esdeox^ 

("^inants of ribose specificity inRNA additi0n ' ^ « A 

aeoxynucieoside monopho pha P °'~on: Effects of M„2 + and 

Polymerase] reduces specificity by a factor ■, of tyrosine 639 [of T7 RNA 

Terences between rNTPs JJ^T" " ^ ^ * 

Polymerase (RNAP" 27(6) 1561 , w, w i . PS " Smg 3 mutant T7 
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«- ^2ZZ r in8S i th " W " ed a ' *" * «" -Snize 
Cb could be used with anv avaifohi* dm a 



wu lu uc usea with any available RNA polymerase F,,^ 
above, glV en that the specification mcludes teaching of , ' " ^ °" 

T3,one skilled in the art at the r r 7 other than SP6, T7 and 

RNA P o im S2*2 mVent,0n W ° U,d h3Ve bee " — *at art liable 

Ca lmS of the present scope. ^ «** -luded in 

In summary, the specification fully enables generation of RNA UNAs bv a , ■ „ 
concepts taught for generating DNA UNAs wh.Vh uu * ^ ^ 

artisan. Moreover given the I ■, , • by the skilled 
-oxynucleo^^ 

skilled an.san wou^ le i IT' ^ ^ ^ * *" 

whhdrawal of this rejection is requested. ^ * ^ ^ 

CONCLUSION 

Applicant respectfully requests reconsideration of the claim, 
c^e any fees that may be associated ^ this ^ ^ ^ 38 « herein. Pl ease 
Deposit Account No. 50-1078. Y to our 



Respectfully submitted, 



Dated: Octo ber 16. 2001 



Attorney for Applicants 
CHOATE, HALL & STEWART 
53 State Street 
Boston, MA 02109 
Telephone: 617-248-5000 
Facsimile: 617-248-4000 
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In the Specification' 

Paragraph beginning at hne 15 of page 12 has been tended as fo„ows: 

B) Phosphor 0f t he 1 0 % denaturing PAGE anal ysiS of t he polymerase .tension ^ons 
The dNTP C0mp0S i tl0n (A/D , T/s> Q) Q Md ^ poiymerase pregent ^ ^ reaction ^ 

indicated. The positions of the 32 P-labeld primer (SEQ ID NO- 1 1 

mer t^^DNOi) and 30-mer products {SEQJD 

NQ.L2) are indicated by arrows. 



Paragraph beginning at line 21 of page 12 has been 



amended as follows: 



3. A) ^ , mer DNA pnmer and temp.ate (S^^ sequence used fa ^ ^ 

TedAXPanddOTP™^^ 

P-labeledDNA6-merand7-merproduct S areindicat e dby arrows O m. H" 

. . y mows - c > Graphic representation 

of the percentage of 6-mer DNA primer converted to 7-mer DNA nrnd t * 

' mer UNA Product as a function of dNTP 



concentration. 



Paragraph beginning at line 4 of page 13 has been 



amended as follows: 
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F.g»re 4. A) The 6-mer DNA primer a„ d template (^^^ used t0 tes( , he 
•-■corporation of the 2 ,hio,hy™di„e triphospha(e fa , ^ ^ ^ 

Phosphorite of the Ms PAGE analysis of the polype extension reactions. The dTTP 
and 2-thioTTP concentrations present ,„ eaeh reaction are indicated. The positions of the *P- 
iabeled DNA 6-mer and 7-mer products are indicated by arrows. C, Graphic .predion of 
the percentage of 6-mer DNA 



primer converted to 7-mer product as a function of dNTP 



concentration. 



Paragraph beginning at line 1 1 of page 13 has been 



amended as follows: 



F. 8 »re 5. A) The 6-mer DNA primer and tempiate (SEOJDN^ s „ used t0 „ ^ 
■ncorporahon of the 2-ami„o- 2 .-deoxyade„„si„e and ^-.hiorhymidine triphosphate in the 
POiymerase extension reaction. B) MALDI mass spectra of the polymerase extension reactions 

ntdtcated. C) Tabie summarizing me predicted and measured m/z values for the 6-mer and 7- 

mer extension products. 



Paragraph beginning at line 18 of page 13 has been 



amended as follows: 



F.g-re 6. The scheme for generating landed polvnucleotides usjng , p ^ 
NO^/tempiatetSEajDNO^. dependent polymerase extension reaction I^^SE^ 
NQL6) followed by digestion of the template DNA with X exonuclease. 



Paragraph beginning at line 1 of page 14 has been amended as follows: 
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Figure 8 . Priced secondary stores for three So-polynuCeotide 
containing either the four na(ural (A , G> c> „ -tofc -SEOjDNQO^^ 

substin " ions <sf^QULimi^^ 



Paragraph beginning at line 14 of page 14 has been 



amended as follows: 



Figure,,. TheDNAprfaer and template mmm^ mmmi l i± s mmMtA 
^mmm^ s^ences used to tes, the effect of the polynucleotide secondary str^re 
on the polymers extension reaction. The mom indicate the direction of the polymery 

shown in Figure 6 for me reactjon (o generaK ^ ^ ^ 

template. 



In the Claims- 

'• (Amended, Amedtod of synthesizing an scored nndeic acid, the m ethod 
comprising steps of: 

P-iding a nucleic acid template s M Ending a fts « „ sequence ^ 
a -end „ sequence element . ^ ^ ^ ^ 

sequence element; 

Priding ^ojl^f nucleotide p „ suffidem tQ syntei2e a ^ ^ 

^^^^^ 
^^^'^^^ 
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secoadcomB lementary nuc l eotid es, wherein a* r,„, ..^ - m|llrmCTIarv n „„,„„, ;H „ 

BUI I an unstructured nucleic acid including a firs, complementary sequence element and a 
second complementary sequence element, complementary to the fins, and second sequence 
elements, respectively, which nucleic acid precursors include pairs of complement^ precursors 
that are unable to hybridize with one another); and 

contacting the template and (precursors] thejnjdeotides with an RNA polymers 
enzyme characterized by an ability ,„ polymerize the .precursors) nudeotides under conditions 
and for a time sufficient for incon.ora.ion of the precursor pairsl nucleotide, ,o ^w, (i „, 0 , 
the unstructured nucleic acid so that said firs, complement^ sequence element and said second 
complementary sequence element of the unstructured nudeic acid do no. imerac, wi.h one 



another. 



2. The method of claim 1, wherein the step of providing nucleotides comprises the step of 
providing at least one nucleotide having a purine analog and a. leas, one nucleotide having a 
pyrimidine analog such .ha. said purine analog and said pyrimidine analog are no, capaMe of 
forming a stable hydrogen bonded base pair. 



3. (Amended) The method of claim 1, wherein the step of providing nucleotides comprises 
the step of providing |„ucleo,ides) lUjeMonemjcieoJ^ elected from the group consisting of: 
2-aminodeoxyadenosine 5'-«riphospha«e, 2-uuodeoxythymidine 54nphospha,e, deoxyinosine 5'. 
triphosphate, deoxypyrrolopyrimidine S'-Mphosphate, 2-thiodeoxycylidme 54riphospha.e, 
deoxyguanosine 5'-tt p hos P ha,e, deoxycytidine 5'-tnphospha,e, deoxyadenosine 5'-tn P h„spha,e, 
deoxyftymidine 5'-triphospha,e|, and combinations thereof), and modified 
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4. (tended) The method of data 1, wherein «he step of providing nucleotides comprises 
ft. step of providing (nucleotides! aU^oae^leoMe selected fa. the group consisting of 
2-aminodeoxyadenosine 5 '-triphosphate, 2-,hiodeoxvthymidi„e .'-triphosphate, deoxyinosine 5-- 
triphosphate, deoxypvrrolopvrimidine 54riphosphate[, and computations thereofj.and 

modifications ther^f 



comprises 



5. (Amended) The method of claim 1, wherein the step of providing nucleotides 
the step of providing (nucleotides] aMea^MleoMe sdected from the group consisting of 
2-aminodeoxyadenosine .'-triphosphate, 2-thiodeoxythymidine .'-triphosphate, deoxyguanosine 
.'-triphosphate, 2-,hiodeoxycytidi„e 5 '-triphosphate!, and combinations thereof)^ 

modifications thereof 



«• (Amended) The method of claim 1, wherein the step of providing nucleotides comprises 
the step of providing (nucleotides, aUM^de^ sdected fan the group consisting of: 
2-aminodeoxyadenosine .'-triphosphate, 2-miodeoxythymidine .'-triphosphate, deoxyguanosine 
.'-triphosphate, deoxycytidine 5'-triphospha,e(, and combinations mereoq^djnodif^ 

thereof. 



7. (Amended) The method of daim 1, wherein the step of providing nucleotides comprises 
the step of providing (nucleotides! aUe^e^uc^ sdected from the group consisting of 
deoxyinosine .'-triphosphate, deoxypyrrolopyrirmdine .'-triphosphate, deoxyadenosine 5'- 
triphosphate, deoxythymidine .'-triphosphate,, and combinations thereof, Jn d Jas d 3fafa5 

thereof . 
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8. (Amended) The method of claim 1, wherein t he step of providing nudeotides comprises 
the step of providing [nucleotides] at !east one nuclide selected from the group consisting of: 
2-thiodeoxycytidine S'-triphosphate, deoxyguanosine ^-triphosphate, deoxyadenosine 5'- 
triphosphate, deoxymymidine 5'-triphospha,e[, and combinations ftereofl.aMmodific^ 

thereof. 



9. (Canceled) The method of oneof claims 1-8, wherein the step of contacting with an 
enzyme comprises with an enzyme selected from the group consisting „f: „ rn a poIymerasei 
DNA polymerase, a reverse transcriptase, a ribozyme, and a self-replicating RNA molecule. 




method of claim 1 , therein the unstructured „uc,eic acid is used i„l c^singjfe^ 

adding the -rmrWwH* ^ . ligase assay> , polymerase ^ ^ ^ 

DUC,eiC aC ' d ^ ^^^^^^ 
nucleic acid to hybridize to th Hr nrjrt 



Add the following new claims. 

-19. The method of claim 1, wherein the step of providing nucleotides comprises the step of 
providing at leas, one nucleotide sdected from the group consisting of: 2-aminoadenosine 
ribonucleotide 5 '-triphosphate, 2-thiothymidine ribonucleotide 5'-triphospha,e, inosine 5'- 
triphosphate, pyrrolidine ribonucleotide ^-triphosphate, 2-thiocytid.ne ribonucleotide 5'- 
Mphosphate, guanine ribonuc.eotide S'-triphosphate, cytidine ribonucleotide 5Mnphospha«e, 
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adenosine ribonucleotide 5 '-triphosphate, deoxythymidine 5 '-triphosphate, and modifications 
thereof. 



20. The method of claim 1, wherein the step of providing nucleotides comprises the step of 
providing at least one nucleotide selected from the group consisting of: 2-aminoadenosine 
ribonucleotide 5 '-triphosphate, 2-thiothymidine ribonucleotide 5 '-triphosphate, inosine 5'- 
triphosphate, pyrrolopyrimidine ribonucleotide 5 '-triphosphate, and modifications thereof. 

21. The method of claim 1, wherein the step of providing nucleotides comprises the step of 
providing at least one nucleotide selected from the group consisting of: 2-aminoadenosine 
ribonucleotide 5'-tri P hos P hate, 2-thiothymidine ribonucleotide 5'-triphosphate, guanosine 

ribonucleotide 5 '-triphosphate, 2-thiocytidine ribonucleotide 5 '-triphosphate, and modifications 

thereof. 



22. The method of claim 1, wherein the step of providing nucleotides comprises the step of 
providing at least one nucleotide selected from the group consisting of: 2-aminoadenosine 
ribonucleotide 5 '-triphosphate, 2-thiothymidine ribonucleotide 5'-triphosphate, guanosine 
ribonucleotide 5 '-triphosphate, cytidine ribonucleotide 5 '-triphosphate, and modifications thereof. 

23. The method of claim 1, wherein the step of providing nucleotides comprises the step of 
providing at least one nucleotide selected from the group consisting of: inosine 5'-triphosphate, 
pyrrolopyrimidine ribonucleotide 5'-triphosphate, adenosine ribonucleotide 5'-triphosphate, 
thymidine ribonucleotide 5 '-triphosphate, and modifications thereof. 
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24. The method of claim 1, wherein the step of providing nucleotides comprises the step of 
providing at least one nucleotide selected from the group consisting of: 2-thiocytidine 
ribonucleotide 5 '-triphosphate, guanosine ribonucleotide 5 '-triphosphate, adenosine 
ribonucleotide 5 '-triphosphate, thymidine ribonucleotide 5 '-triphosphate, and modifications 
thereof. — 



3290776 l.DOC 
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Explanation 



MUTANT T7 RNA-POLY3MERASE AS A DNA-POLYMERASE 

SOUSA R, PADILLA R 
EMBO JOURNAL 

14 (18): 4609-4621 SEP 15 1995 



Document type: Article Language: English Cited Refer ences: 35 Times Cited: 70 
Abstract: 

We have identified a T7 RNA polymerase (RNAP) mutant that efficiently utilizes 
deoxyribonucleoside triphosphates. In vitro this mutant will synthesize RNA, DNA or 'transcripts' of 
mixed dNMP/rNMP composition depending on the mix of NTPs present in the synthesis reaction. 
The mutation is conservative, changes Tyrt>39 within the active site to phenylalanine and does not 
affect promoter specificity or overall activity, Non-conservative mutations of this tyrosine also reduce 
discrimination between deoxyribo- and ribonucleoside triphosphates, but these mutations also cause 
large activity reductions. Of 26 mutations of other residues in and around the active site examined 
none showed marked effects on rNTP/dNTP discrimination. Mutations of the corresponding tyrosine 
in DNA polymerase (DNAP) T increase miscoding, though effects on dNTP/rNTP discrimination for 
the DNAP I mutations have not been reported. This conserved tyrosine may therefore play a similar 
role in many polymerases by sensing incorrect geometry in the structure of the 
substrate/template/product due to inappropriate substrate structure or mismatches. T7 RNAP can use 
RNA templates as well as DNA templates and is capable of both primer extension and de novo 
initiation. The Y639F mutant retains the ability to use RNA or DNA templates. Thus this mutant can 
display de novo initiated or primed DNA-dinected DNA polymerase, reverse transcriptase, RNA- 
directed RNA polymerase or DNA-directed RNA polymerase activities depending simply on the 
templates and substrates presented to it in the synthesis reaction. 

Author Keywords: 

MUTAGENESIS, RNA POLYMERASE, SUBSTRATE SPECIFICITY, TRANSCRIPTION 
KeyWords Plus: 

REVERSE-TRANSCRIPTASE, CRYSTAL-STRUCTURE, ANGSTROM RESOLUTION, T7-RNA 
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Determinants of ribosc specificity in RNA polymerization: Effects of Mn2+ and 
deoxynucleoside monophosphate incorporation into transcripts 

Huang Y, Beaudry A, McSwiggen J, Sousa R 
BIOCHEMISTRY 

36 (44): 13718-13728 NOV 4 1997 



Document type: Article Language: English Cited R efer ences: 56 Times Ci ted: 1 1 
Abstract: 

The catalytic specificity of T7 RNA polymerase (RNAP) for ribonucleoside triphosphate* vs 
deoxynucleoside triphosphates {(k(cat)/K-m)(rNTP)/(k(cat)/K-m)(dNTP)} during transcript 
elongation is similar to 80. Mutation of tyrosine 639 to phenylalanine reduces specificity by a factor 
of similar to 20 and largely eliminates the K-tn difference between rNTPs and dNTPs. The remaining 
specificity factor of similar to 4 is k(cat)~mediated and is nearly eliminated if Mn2+ is substituted for 
Mg2+ in the reaction. Mn2+ substitution does not significantly affect the K-m difference between 
rNTPs and dNTPs* Mn2+ substitution also enhances the activity of poorly active mutant enzymes 
carrying nonconservative substitutions in the active site, and its effects are generally consistent with 
the Mn2-i-catalyzed reaction being less restrictive in its requirements for alignment of the reactive 
groups. In addition to discrimination occurring at the level of nucleoside monophosphate (NMP) 
incorporation, it is also found that transcripts containing deoxynucleoside monophosphates (dNMPs) 
are more poorly extended than transcripts of canonical structure, though a severe barrier to transcript 
extension is seen only when the 3' region of the transcript is heavily substituted with dNMPs, The 
barrier to extension of transcripts heavily substituted with dNMPs is reduced for sequences known to 
be amenable to forming A-like helices and is larger for sequences that resist transformation from B- 
form DNA . DNA structures. The barrier to extension of dNMP-substituted transcripts is also reduced 
by solution conditions known to destabilize B-form DNA and to stabilize A-form structures. These 
observations imply a requirement for a non-B-form, possibly A-like, conformation in the transcript 
template hybrid that is disrupted when the transcript is of predominantly deoxyribose structure. 
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Article n of 77 HUH ■BH Bll BBBBHI wanatian 

Efficient synthesis of nucleic acids heavily modified with non-canonical ribose 2 '-groups using 
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ABSTRACT 

o"9onucleotide prob e T£° com P'ementary 
secondary they are involved £ 

Watson-crick pairing The seS int ' am °'ecu, a r 
of the target m ay be d '". * ec °n"ary conformation 
««n with oiigonucieotSe^ ,0 T assis * ■* inter" 
we mocnfleda, DNA tamp* ? T ° acniev * this 

replacing dC with w^thlZ ha,rpin ,0o P. by 
w "'ch hybridises so^S^^IDt. (cS"C) 
* G- 4E, C base pair S" 7 ?^^ o give 
tne natural G:C base 

flatly reduced formation of ^ bSti,Ution *«c 
future. The ioweMeve, of ? tar9et Seco "<4 
a «°wed hybridisation w»h co,T? 0ndary Struct <"e 



*Pec.fic DNA binding w? S e e n r rea u ing t6ndenc y for noj 

d«ct,on of mod i fied nucleoli 6 the tar « et DNA bylntro 
base pairs and show £^ ta ^t that form w ak 
Sood af fi „i, y foroiigonu^SpTot? 11 " "* ^ *■ ^ 



MATERIALS AND METHODS 



^^(S^Sr^ fr ° m CrU3Che - ^4-ethW 
Phoramidi.es v^^aZ^^ 2 -"^ 6 "^^ £ 

A-hem S n , ^ ^la m ide.. bis a CI , lam ;- ^ 



INTRODUCTION 



Presence of Mp^ + ,ov u y eat,n S the DNA or Rma , 



Oligonucleotides preparations 

Chain assembly was camVw 

^thesiser on'a CPcTomr^ uT ApP ' ied Bio ^te ms 394 
fictionalised with a ^TlZl^ ^ *>hd support 
chemistry. Oligonucleotides S P nos Phoramidi£ 
^ght treatment with conee n ,r ^ ' de P rote «ed by ove 
Oligonucleotide 4 was So2 amm ° nia S0,utio " « 55? 
-t .jMmethano^cs^X^ 
f° '6 h at room temperature to , ^ (4 '' ' me *anol/water) 
between the C9 atom of the acril °' d C ' eava S e of 'he bond 
linker (1 ,). The oligonuES'" "V" 6 the N of the 
d nam poly 4, am ^ „ h on fte 

^.ti„ g te mp er ahlreexperiment 

Changes in absorbance wirh , 

nucleotides in ifv-2 J " n tem Perature of 2 uM nii„ 
fining , M&ZSZSgg* ^ PH S 7 
A - 260 nm on a Beckman DU 64n m Were measur ed at 
Photometer. The samples and the ref! Ce " Chan S er ^ctro- 
f T ' r w e 0f ° u 5°C/min from , 5 0 C LT S '° W ' y hea *d 
(JJ was taken as the tern Deri Me ' tm 8 'emperature 
d-ssocation of the structure 6 ponding I Cf. 
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/CTGGAGO C 
^TCACCTCC A 
C A 



2 > 0AC l GCAC ?/^cVcTrub! 



3 C ACCTCCAC 3 ' 



AGTGGAGG T C 

c A 



Acr-GACCTCCAC J ' 



^ectrophoresis deo *y series. 



Electrophoresis 
loading PAriF. eing ke Pt at 4°r fi!« Candth en 



Fabrication of arrays 

16 h » closed chamber! amm ° nia so ""i°n at 5 5 o C fo' 



chose d^r * nuc, ^I3es3eic?Ih^ • l tfle * ar ge 
Choice of 



Hybridi S a tlon conditions and „ , 

Hybridisations * eKDe 7 ^ 
10 mM Tri s „ H 7 ? p t rf °™ed in 1 M NaCl in «. 

Ration Io i° ° L ' g ° nUCle0,ide *S «td if/ 

b «ffer( P H 0 n , PPed ln '°0 mM Md,C^S' Cnb S d(,5 )-'nK 
and ^ — S 0.0 1% SDS^^^J 

RESULTS 



(sequence n I q , UenCe C0n(ai <4 onjv 2 , '""S^ a " 

T he stability of the hv • 

SEES". K oscopS ' S e J: t det -'- * 

was 40°C. ^ ° f the modified oli go Lc,e ot £ 2 ^ 

Thf x > wnjch 

If ie structures nf 

nucleotides 1 w * nat,ve d 4Et C m^r . 
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3 ' -> 




a smear between t>, 

acting an e QU ;L P ° S,ti0ns of the hairpin and r 

To see if a T Um between 'heTwo f " ^ mo,ecu 'e. 
«™cture t o form ^ **** Ca « * flane 3 * 

^^ethoxyacnS^^^^'eotide probe h P targets wi 'h a 

ch o*e to add the y ^•ytamide gel reli g ° nuc ' eotid e 4) 

and i( ha S been "f ll eno,, 8 h ^"ity f 0 ;°" °'»leo,ide 
wvalent/y h^n, lhat affinity can be ll , ^"^e 
the end 0 f teS an , ,merca 'al<ng moiec.f ^ ' nCreased by 
'he unmodifi^ g nUc ' e °h' d ea9^ 0 ) Tn ,^ ' ' ,ke acr '<hne at 

^irpin structur 'C^^^'ng band «S^ Wd bands 
ba "d attributed more "tew than^h P ^ ng to 

tar S e t J exKfc ex P e nmental conn;/ heter °du p ie x 

es "mate that only 30^ ^ '° heterodup/e x 'f' yd ' Sp ' ace fhe 

staining 5«£ f t0 th e d«c I! ?r . ,nvo,v ^ 

formed. ' f ° r this ^rget on/y th^ r Set " Je "« 2 

Entity 0 f__ ythe '<- ^.as 




B 




, Hybridisailm, ^ * 



The quantity of nrk dUp ' M Wa * 

C0 "«n,rati 0n ' 0 °f' lgOnUC ' e ° tide 2 SeT*'' 0 " ana '^ of 
e< ) uiv - of probe 4 aC " dine P^be J 1, " ^ ° f va ^S 
Secular Z C J ,S SUfficj ent to open 35 f ° Und *« f 
^«l*CSS i ;' 0wi -« 'he fort oHf / the 
P™be lackinp h 50 can " ie d out with a 7 ° heter odu P / ex 



" d scan "ed with a 

%bridisati on off}lo1 

secondly stir 6 "'* 6 ' he effe « of d«r „ . 

y s, ^ture and ^ d on ^ ( 0n 'he stability of 

on "s abi/ity to form 



tateroduDie* 

■ " r ifi6d Won 0,i ^"c,eo tid e , „ 

b °'h 23 n, tvgeZV* 23mers ' Resented , ran * in * « 
s, ™ctureofthe s L ( n eqUences 1 and 2) The COn,p,eme «s of 

a mik to a * as m ^ bv c 0u ^ 8Ure3A The 
'hey o ccur n d th P e 0 '^ 0 Py'ene surface ft bases 
sta ««ig from tne ' n ' be complement of ace " 'he order in 

on g«to/ig onuc , '° r ' des are attached '™ 3 -«* of the 

" PS of 'he largr d ? n ! S ? rein 'hecen t re 0 f 5 i e SUrface - The 
nu cleoti des m J, ° nd s hape s wer * ofth e array and the 

nuc 'eotide w« Cemre ''ne of the ( .'„, Was ^metrical 
r P ' ate create JT*"™ »W« X and ea ^h Cigo' 
,be <"<> ends o he a "" °Z chev ™n-sh ap t d ''T^^Ad 
c hevrons are ' of diamond-shS P3tches AankL 

be '°* the centr Z » ^cation 0 f tl ""S in ,en gth 

d4£ 'C-modifie d y or o ° f "Modified olZ u T «* 
experiment Thi, ,7 c ' eotide 2 in a f " eot,de 1 and 
cen 'er hne wiT ^ achiev ed by d"il"2?' e "Nation 
f gonuceoti' V*^^^^ the 
containing «(«r /? the oth er half w h r ybridise d with 
^encesj'J/'S- 3B) ' Th e hybrid ^""decide 2 

«ybridi«tio„ sEf'^-ence 1 ^ft ln intensity. 
0 hgonucleotide^f/' 5 °f he 'erodupj e xes f* ^ Stable. 
0fva rying/ en p7h 2 with the setof f ° rmed between 

obtained in 2? 0n resu "s are in a ^ h ° Wn In %ure 4 
K ^n sth " ^ h There ^ S h ai ?'* n «? ,t vvith , hose 

showed weaker hybrin ' ' 22 and 23 5 rt' ^ c,ose *> 
prod "ced much S 0 b n " d,sa "on whi, e ,h e ftf '' g ° nuc ' e otide S 

" U f°'ide showi g dff r h { bridi »tion T he T t0 J ^ers 
Wybridi sa , ion wi h „r eClab,e hybridist $hortest oligo- 
detectable Th ,• °' ,g0nu c'eotide„h ° n Was an 8mer 

°'SCUSS/ON ort he23me, 
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^ ^Sr m r a —"Mature f • 
explain why * ^'"l^. These s bfe™ ° S ' n g'e- S tranded 
heierodupiex fT eg,ons of tarset, 7 StructUr es probab/v 

The second^rv , r m ° re sta ^e than th 3nds to f <>rm a 
d --tern^^^ 



temperature of th Pl „. 

^"'on solutions Hr am °' ecu)ar "ructure or i 
f * hybridisaS of r ' these condiions * W $a " con cen- 

m 40 C ) 's 30=C. Therefore 
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A, 



r CACCTCC A G 



16 nt 



A A 



j, gg t t 



5 10 



15 



TCACCTCCA G 

J 'GGT T 



A C T ca cctcca gttgg 



5 10 15 " 

15 20 



^TTGACCTCCACTCA 3 * 



TC *CCTCC G 

—Jagg r lv 

0 T 



C 

F . ' a> - TC ACCTCC A G 

ba ^ Pair led to f „f. base P air « the sen „^ L . _ .. " e seri « 



replacement of a G C h 
of prol,."™""*' *» f»« <° * Probenaw 



than 

Nation ^th , y " 0t be available 1 S f- associa ted 
G -C base n2 ' P,n struct «re S - the flrt u' ,g0nuc ' e °t'de 

"able and L j"?^' ,hese ^irpin Sir, " 2 5 - 



adont an ; . ^^ V, the 17 m r more stable 

Other nh ■ oil gonucJeo- 

Pynmidine nucfcS ?, i* as C 5-methy/- and % bnd,Mt, °n- 
mcorporated in, e stabilising Dmn S -"ucleo- 

d5Mc C instead of h d °c W ! d *" an °'igonuc £ id f J 1™"^ 

substa ««a% 2£5 n ssr««y ,o 'ZmSPS*'* 



. CONCLUSIONS 

Secondary slruc( . 

C °NA targe, ( f g V^'^ ^io h" 6 ° f 3 ftw 
'«* choice of „;r F ° r rese quencing or ^ Ch mRNA or 

i1ft^ be, mus * ^sr* ,here is 

y ,e 'd because of La * ' S no P ro °e that 1 T or P°^l 

overcome the ~ £? S,m P ,e . Potential!,/ the tar «et and/ 

P^vents hy S a t Very S ' ab ' e ste ™. *h ch 1*" shw 
«* induce I to '° f^^oulTl C ° mp ' e,e, y 

^ary ^ e" f ^ '^^SSt^^ 
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ABSTRACT . kw 



od* are needed to tn °2 ^T™ bi <* h «*<»i "eth- 
that are essential «o Us ? ct v f h *f™» W """in an RNA 
report the use of S'^-n th " 3* * Step ,0Ward ,his 6» a '> w 
i" a nucleotide analog tat m ° n ^ Sphate (IMP <*) 
makes it possible to L^S^ST?. ( * AIM) assa y '"at 
'he contribution of almos e ™ ^2 «' V,dUa% determine 
a large RNA. Using IMP J 7 e am,ne °fG within 

•hat are essential for y „r y^'f"^ ,h k e amines 
group I i„, ron . We f " r 3 ">e r^ Wfw 

are important for 3' exon S„n ThI • ' G " 2 ' and G3 °3) 
the amines of the other fouS no i ""T- ° W22 > as we « « 

essential for ligation of ,75' «o„ T - * " the P1 he,ix ' are 
Point mutation of either G22 or^T? W ° rk has shown 
substantially reduces activitv i £ - to an adenosine (A) 
N2 amino i/K^ ■«* « 

Point mu ,a, ions w detected aUhT^/ G2M and G303A 
using 5'-0-(l-thio)diami„^ ■ ,e ° f mut a«on by NAIM 

The G22A point mmrt^J***'* ™ exocyclic amine, 
of Mm* at A24. By ^SZ££~**> 'corporation 
phenotypes comparable to loL of Z,?' K ,nte rference 
Preston. This methwl can be ^ Jn ° n ' reversion > a "<» sup- 
analogs for the a«KtoSf225 ended to ° ther nuc ^l 
of RNA and DNA aSL ^ gr ° UpS essen,ia ' *» a variety 



(1). Splicing is initiated b ^ nuc eLh°i ^ ° f ^ NA Se,f - s P ,ici «g 
«tc by the 3 '-hydroxy! of an exole? aUaCk 31 the 5 ' s P'ice 
This results in eoJS^^fT^ (G > cofa «°r. 
and release of the 5' ex™ Hw ° f the G onto the intoon 
dicing, the RNA undergoes I Z? * ^ S6COnd ste P of 
which G414 theVtJl . 3 confor mational transition in 

0 Ending l^aSXK intr ° n ' 
exon boundaries into ^TS^^^ ^ the 
splicing, the 5' exon attacks the V «^r y ' the Second ste P of 
exons. The i„t r0 n can a so Si EL"* * pr ° duce 'W-ted 
resulting in ^^^^ 

f^aS c^ '° Cat r ° f the 5 ' ^ 

the PI helix (Fig. l) (5-nrS,, SCrVed G U ^bble pair 
between a U at the end of 5' 2" n °" Can ° nical P a " forms 
■nternal guide sequence The contlfl 1 3 ° '° Cated in th * 
chemical groups within the wobh L '° nS made by S P ecific 



r'T w " 1 " usc >™ » Jsrs'isr—- * 
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^^SS^r *• -ine. 
G, when presented on She m£j J f ° Cyclic amin e of 
configuration, contributes " frH SUrfaCe by the wobb ^ 

ample method available toicSfyl^ti ^ mUyno 
specfic positions could be tested 1 .1™ * subslantia ' effort, 
Prepare full-length RJVA^S a S emiSyntheticmethodt o 
However, this approThis I ffi, ^ subst i'"tion (14) 

is required to identify the essentS eeff,C,entmeth od 
chemical groups within an RNA ™ ° r ° ther im P orta « 

«££ZSST^^ -hstitution is an 

replacing the nonbridfi „2 R n ^ f Ude P ositions *here 
to activify (15-22) Stes^Tn" I » detrime "t a 

are readily detected ^S^SSTT inC °»" 
■odinc (15). This makes i S£ ? \? h °fP hate «»k a ge with 
vdually, quantitate every £ ^"""'^"^usly, yet indi- 
that is as simple as wK^? S?" the RNA bv an ^say 
24) extended P the ^ UPP 30(1 COWOrkers 

nucleotide analogsTSSS r'"^^ appr0ach to 
methoxyderivativLwith f T ! y ta8g,n « 2 " de oxy and 2'- 
th«e de^vSriden^St^ W -d 

are essential for recogn^RS? ^ tRNA that 

^^XtSST 1 ^ C ° U,d be «- - a 
tnent of a compleS^v of ohn T**** ana,0 S s ' Develop 
would providea pfil atom? h ° ro ! hloate -t a gged analogs 

structure/funcuon smdies As a si f ^'u" t0 °' for RN ^ 
the use inosine and diaminon^ ^ we report 

othioates to identify fhe N2 eZT ph ° S P hor - 
essential for 5' or V <.v„ ■ exoc yclic amines of G that are 

intro, , n combLtioTwi^po" ^ *? W 
nucleotide derivatives ^SLJSE ,,, ^ ^ Pair ° f 
.-PS by both inhibition and S'^ S2ja?» 

METHODS 

a P^re ^^^£^55 
monophosphate or triphosphate ( qS ^ ,amin °PU"ne riboside 
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S^^JiSS^; .^^tc (25). Inosine 
and dissolved in trieihvTnhn.nh ? % Vacuum at »0°C for 12 h 
-acted with a-o55tt^S^„ n,, ^2, 
equivalents) in the presence o ^ , ^ ° A1 mmo1 - 1-1 

d-rect y to the triphosphate by aSd tfonnf"; k WaS convert ^ 
Pyrophosphate (0.5 fi 1 0 ml f °" ? f tr,b utylammonium 
^e product was predpi.a ™ i\Z ^'P^sphate (3 m J 
y'amme (2.5 ml), centrif uged and H "T ° f excess trieth- 
d'ssolved in aqueous t TJhll decan( ed. The residue was 

ml*!' P ? 75 ' Pur So^S 00 " 

matography using a triethvlam^ • 25 Se Phadex chro- 

gradien, (0.05-0.8 M) aSSSSTp"? b, ' Carb ° nate 
nurture in 23% yield. V NMR f H ^ a/o/, diaster eomeric 
-24.13 (0. UV: 250 nm A A ' ? 4196 W> ~ 10 ^ V) 

PUCI.21G414R plasmid coma Tf SeqUence chan ges- The 
n.n-off transcriptfon to p od TcT an Z % ' a ' te fo ' «* in 
terminal nucleotide. pUCL+ 7 ~ ? A w,th G41 4 as the 
*'W"type intron w7h xll T*" ^ fm 21 nt <* he 
CMUUAUACCAUU Th ^Luen U , enCe 5 '- GAA ^UACa! 
derlmed) that eliminate the ctcS ^ mUtations (^ 

^"d-type LI loop ( 26 ). ThLS^? Tf 68 present » the 
of the intron which is anaffus toTh^ 3 G 33 Ae fet 

transcribed from £a/-i digested nun (Fi «- ») was 

fran? 6 ^ 1 * Tj NTf ^ 4 " y 17 RNA 

at a level of ~ 5 SS2SW ,d '"T^ RNA 
AM DTPaS in the tra^crintiS ^ ^ 0A raM ITP "S or 25 



9 
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P9-P9.2 




version ^a^V Scal RN * begins at Gl' includes " 0t lnc ' ude 
composite RNA ,tl h ' 0 ° P V and te ™inates 5 nt before rZ^T" 



transcnpts containing 5% G MP „e T? by no ™alizing t0 
There was no detectable diSnce inl ^ res P^ively 
at any of the levels of nhn~! ! the ln terference pattern 
(from 0 . 5% t0 I( £ p oroth, 0 ate incorporation^ited 

easily detected signal, but °. r P orat '<>n Provided an 

interference between mnlLi " d )ow enou gh to avoid 
RNA f Following S^ff TSt * a ^ 
f4 h ande,utedin 'olOmMTr^Ho purified b y 

"M 10 mM GMP in J,™ " " "« Wpteph,,, 

(-l)P[CCCUC(d^fwe r ef 

polynucleotide kinS, afi u ^ fl With [ ^ ATP «S 
natrve polyacrylamide gel prio no " i ^ Were P urified °n f 

Reaction CondiUons. The L+l 9, 1 . 
Perform RNA ligation reacrinnht flI 30(1 L-21G 4 ^ R NA s 
°f the first and^eco„^ Se ^ 0 T t ^ 
Perrmssive a„ d nonpermiss? r e ac tK res Pe«ively. 
for nucleotide analog interferl^ conditions were chosen 
conditions are defined ^ ZZ mapP ' ng ^ NAIM )- Permiss ve 
Mn(OAc) 2 , and 50 mM ? MwJSE 

a smgle 2'^ subsSion a "he rl^? (5 " M) Gaining 
L-21G^" and dT(-l)P fom , ? Ctl0n site f d T(-l)S for 
substitution does no affect oni " ^ ^ ^gL deo° 
reduce the rate of the chit g , ° nudeotid e binding, but it S 
(2«). RNAs were inJuVa eT ? at ,e -' a lOoiSS 
buffer for 10 min pri o r t0 the Son of h appropriate taction 
reaction was quenched by th e £2* ^''gonucleotide. The 

OmT 8 M ure ^0 mM EDTaJooi?^ V °' U ^ eS ° f stop 
0j)l% xylene cyanol). The phosDhomth?i? br0mo P he nol blue/ 
add lt ,on of l/ioth vo ume ofim m M ? a,es were deav ed by the 
solution was heated to%°C 'fo^t in ethano1 (15). The 

« by electrophol? 

•ntensities of individual h fl ndc „ Polyacrylamide gel The 
a g- (Molecular ^^^r^ * P 4hor^ 

AG RESULTS 

Is Inac^ 1 iSou^tf ! n h°o S,ne P ' ace » f G«ano sine 

amine of G22 is important foTthl that the N2 Cyclic 
a «.Vty (10, U). we'set o n o defermin -? P ° f gr0Up 1 in ^n 
groups of Gplay an import nfroleTnTh ° ther N2 ami "o 
th>s question, a variation 0 ' £e I 2 ^T"* T ° address 
was prep ared in which every G exceit r// 0 ™ ° f the in,ro n 
mosme. The inosine ribozyme dtman I, ? rep,aced w ''th 
any react,on conditions ^ZncZTX' 6 "° aCtiWt y unde r 
he oligonucleotide substrate TtS«? Th ^ hours 
tion of the substrate with 1 ,?M \ } Tms mc,ude d incuba- 
00 mM Mg- ion. F 1 u re ^ o Sr\ 10mMG MP. a nd 
cond,t,ons demonstrates that N2 am" ""'^ Under th ™ 

2 amino g rou Ps at positions 
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other than G22 are important Th , 

randomly incorporated into the RNa k nUC ' e ° tide ana log is 
(«) the act,ve variants in the RNA i! ^ Vi ' ro 'inscription 
the mactive transcripts, J^) ,h^ h ° PU, f ,onar "electedfrom 
cleaved by treatmenf w ,h D Ji n pho *Pnorothioate linkage °fe 

Defining the N2 Exocyclic w . " e grou P 1 ''ntron 

IMPS"' h VariantS * 'he'l^'^^' for 3' Exon 

WaS substitutions per moler,,i„ A cont aining -5 

end-labeled oligonucleoMrlT < k . Were reacte d with the v 
™«ive conditio^ (F ^tT ^ Und " "'"Pe - 
he ohgonucleotide (AAAAAA.V Jh r t aCti0n ' the 3 ' end of 
3 exon, ,s transferred fromVh, . k' ,s ana 'ogous to the 
a ctive variants in thein,™ l | bstrate on 'o the 3' end of h 
not radiolabeled P ° pula "'°n (3). Inactive RN As are 

The intensity of rhp • a- 

^^^^■^S^S^^ ' adder at three 
cnn^ ^ ams c °ntaining IMPaS c 2 ^ amon « the active 

ls a 3-fold phosphorothioate .« • .' 12 ' and °303. There 
reduc ed an additional 8 fnM , kct at G303 - but IMpIs •! 
(Rg. 3A lanes 1 JS S" 1 ^ to GMPaS at this Dosiln 
"Pon subs,i, utinB in X n ?.: a " d . 5 ; fo W effects were observe 
The re was no phosphorothio t ?JL?1 t ? 112 - r «pectively 

<% 34, hn. 5 a„ d d " P«s>i»e »„d2 

«*»«»*», «„„ J*™ " ™« *> po sl ,i„„ »,„, fig 

A total of 93 of th^m< • 
characterized in fhSyTsS ¥ 8r0Up 1 intro n could be 
096 resulted in a band XnVitlT? pnos P ho rothioate effect at 
RNA for the IMPaS mTtol^T '°° ,ow the GMPaS 

L'gat.o„. To determine ^ 0 ^ ,n t es ^^"t for s'fi" 
ao« KNA containing IMp„s "t" t t exon > variants of the L+ 1 



, f Reaction 

G Q T „ 

| *2 C| eavage 



L 

^jC No Reaction 
R'bozy meno(end . Iabe/e(j 



et Gel 
Electrophoresis 




•Active 
•Inactive 



important for rma for . t ! le identification of thp r-u ■ . 

RNA. Acnve variant, cova^°. r a ns fcr nTr the ^» 

"'ion. S^Z^eT ^ "^v^^* 
sequencing ladder th a . rl age fra S me «ts by PAGE nJT 



For the 5' splicing assav hp T™ 1 Cosine (Gl) f 2 



. . "—v ld g me mosine. 

'«ls >b„ VI , ,„,, „,„ 6 ™ < 2 » Ba*d „ po „ lhc i > ™ 
SJ "» tTOyclic , mlne " ™ p " "Plained by n c | 0 « 

0) « a. analog of adenine lh ,7™" d "««: *b™ia tt( i 
"2 posiiion of ,be ' conl « ,,,s «"e«ocyclic amine u 

adenoane. This would appear on th ° r ' 8,na " y mutate d to an 
gel as a single band of Jron e i Z m,erfere nce sequencing 
Pos-fon that is missing IntSpT ? ^ Mme B "*S 
Second, DMPaS could rescue d . ,nterf erence experiment 
'he origi na , site of ^^1^ 3 P ositi °n othenhan 
he detected in a single int er 'fe r en thCSe P ossi bih t ies coSd 

Vanants of the L-21 G^G303A RM P /' ng ex P e "'ment 
lma tely f ive random AMp «° 3 * ' W*A containing approx 

- *- - ^ss: s« 
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G Nucleotides 



iVftf G^W^orS"! *T* di °S™ lowing the 

ditons (lanes 5 and 6). The nuclenHH, ( ? under P^missive con- 

deavage produce are shown tothe tfttr it,0nS C ° rre,a,in S <° 
lanes 7 and 8. For the 5' con trol ^ 1-6 and to *e right for 

enzyma.ically labeled at theTetfe ? and 8 >' the Ml ° s 
sequence orientation on the »el Sui I 'T" 5 '"> a ™l of the 
-corporation at all nudeo^^^^ a «" a < <-el of anabg 

*v,ded by IMPJ intet?re ch°S n e -f ? ° MPaS ^ 
L+l Stal RNAs when reacted n„H^ " both the Ml G«'« and 
normalized to the actual lelek " 0npermiss « conditions and 

control, mtensities ^rTJZtJ^T^^ 35 defined X s 
of I .ndica.es that an inos,™fub s l&, P , hor ! ma 8 er ""alysis. A value 
greater than 2 indicate SUDStltuu °n at that site has no effeci a „ti 

'east three times in separate exnerZIZ , a,ues Were measured at 



f"K Atal .toi &i M/( w (JPP7; 

IMPaS interference for th , .,7*"' The s ' r °ngest site of 
forms a wobble pair with tL r rl, A was at G22 - G22 

deotide. Mut at io P n of G22 San A iT^h ~* the 0,i 8 0nu - 
constant for cleavage by the L 21 £ r ? 5 ' he Second ord ^ rate 
almost 500-fold (11). ThisTs due tnfh" ^ ° f the riboz yme by 
" G22, and the convcS of the C °^ 6 ^WamJ 
Watson-Crick pair. We set out ^ W ° bb ' e pair t0 an A "U 
fon could also be rescued bv inlf ™" 6 if the G22A muta- 

Diaminopurine fems a «ih£ £™ Wlth DMP "S. 
and a relatively unstable wohhl Watson -Crick pair with U 
the extent of DmSJ^^ C W We measured 
w.th either aUoraC at p 0s f, " 8 n substrates 
rescued more than 10-fnM rAl i , (F| §- 5 )- Activity wa<! 

of analog incorporation) SSa& ^T a " d the ,eve ' 
RNA containing DMpic P nA22wnen L+l Seal G22A 
3-fold rescue wi?^™^Jf ^ 
dT(-l)P. The DMPaS interfere J? A W3S reacted with 
f'rms the IMP„ S result ^^i'??*™?™* ™n- 
negattve interference that the ami " 0 8 f %£* h . P ° sitive a " d 
5 exon ligation. The requirement Z I 2 *? lm P 0 «ant for 
(D-C gave better f^ZtniT^T at 3 second 
exocychc amine makes its grea es, ™, l C ° nf,rms that the 
the context of a wobble paif S Z l Ut '° n '° Sp,icin 8 " 
make a tertiary contact w t hTh I mmo 8 rou P is free to 

was much lower in the G2?a ? 8 P os, "ons other than A22 
experiment because rS^S^*"** «« G3oS? 
position 22. This made it possible t? ? P horothi °a f e effect at 
at positions other than the s 1 l f ° , ? mterfe rence rescue 
strong cleavage ^^S ,t f 011 ^ddition to the 
lately strong intensity was present 'JTTt band of mod " 
nue'eottde within the PI K a * A2 ^ th ^ only other A 
more tntense (after correcting for th. \ Thls band is 5-fold 
analog incorporation) Sg&Jfi T ° f reaCtion and 
ane when the RNAs were "LcterTw >i ^/ h , a , n in the AM P«S 
1 and 2). There was a WomS^'J (Fi §- 55 > ,an « 

reacted with dT(-l)P (lanes 5 a n d «i r, Whe " 'he RNA is 
Ravage intensities at o her Dositfnn . C1 ° Se ins P e «ion of 
d e'ec t other examp les oftSS^^RNAWWto 

N DISCUSSION 

4Ss:rr7^" 8 , i! ■ r- — 

we have shown that inosine can ; "° n - In this «ample, 
transcript as a 5^S^«W into the RNA 
simultaneous re p,a C P es the ^ a n,:^° f8Uanos, ' nc - This 
Proton and the 5' nonbridlg R ™h l r0Up ° f G wit h a 
sulfur. The ability t0 cleave ph ° s P hate ««ygen with a 

PhosphorothioatetakagemakeT t o^^'m at th * 

mostne incorporation that™ de tZ t0 map the sites of 
In many ways the S r /' '° RNA functio "- 
tag. Sulfur has only a sligR^'! 1 °? ' S an ideal ch emical 
oxygen, and the length of the P-S h / gr Waa,s radius '"an 
than the P-O bond (31) For tte t " °? y ^ ^ 
"on is not expected to sub7an f2 h t SOn \ the sulfur sub stitu- 
structure. The most notTceaSe eflf St ° r ' ' he RNA sec °ndary 
change in the ability of E^oS UP ° n ^ Structu re is I 
■ons (32); however, this S??n^° U t P lZ C00rdinale metal 
htophilk petals such as Mn'^or C^"? h^ ^ of 
(33, 34). Thus, for a large majority ^fL.i Kattlon mixt ™ 
the phosphorothioate iiSK , udcoudes w "hin an RNA, 
serve as an effective taj ^ n l UnC,IOna ."y si ^nt and can 
thts experiment, o^ To?*!^™™- For «ample, 
because of phosphorottoateinteEl ^u" 0 ' info ™ative 
untnformative for the 3' -SSS'SK^ S,te was 
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B 



Oh AUPoS 
Inactive 




Reaction 5'-Control 
I^EtOH + + . . + + 

NMPas n= D A D A DA 

^ P ^ ||ggg|| S 314 



B 

dT(-1)P 
la€tOH 
NMPoS 



□ WWW 




x x X X 



XXX 



ADADADAD 
1 2 3 4 5 6 7 8 




but they are present in both 5' controls S reaction lan ^ inw-—/ ror ^ an <* 10 mm, resnwWh, tu. . 



a sequencing gel Reductinn „V P ? Sed as a band intensity on 
fraction o&^ZZ^Z'^ "»»* the «£ 
metal and a 2 '-deoxy J&^^ZTT* C ° nditi ° ns ^ 
g°"s to a loss of function pieSy pi a ' Tr^ ^ » anal °- 
where analog substitution is deS,*. t ' he positions 

ollanes of genetic revertantsanTZ" RNA function ' Cor " 
making a deleterious mu, a ,? 0 ^2^^™^ 
interference rescue. Resto r a °"'f th ( e mA and weening ( or 

rescue by substitution at a di tarn n ^i t gene " C reVertant ' wh ile 
genetic suppressor. pos,tlon ,s a comparable to a 

durtgouS^^ 

exocycl, c amines of GllVom a^rTnf ° UpI ' mr0n - The N2 
fxon Lgation, but are not essential ? ' mportam f °r 3' 
hree of these nucleotide S?"; 1 <** exon. All 
'he mtron. G22, G23, oi (R r«" ,te core of 

exon hgation, but could not' be me™ / lmportan ' 5' 
react,on. These five nucleoli^ a ? »u ^ ^ 3 ' exon 
'ntron. Thus, there are ekht exlnf 'V* P1 helix of *e 
Retype. Mutation of jj fflR - a J-- Jgj 



^^^£^53^ tha ^ a - nd 
G to A point mutant is not sScT,^ "Vl F, & 5 > ac »vity of 
t"t.on unless a second nucleotide is Zn^^ T" ed DMP «S substi- 
be mutated to a C. This Sfe? In ,h '' S U ™t 

(5) A pomon of the sequendne auS COnfi S" ratlon of the base pair 

dTC-l) Pand dC(-l) Pwere for2 and in ml M ^ C ' 2 - Reacti °ns with 
of the interference rescue » J^J? t Tj r «vel y . The magnitude 
«ch band in the DMPaS C toT^ 0 ?^** the inte ™<y °f 
to the in t en SIty « SS^^**"™* ««Ld 

a ctivity of the G22A m P I £ Sid W ° f 3 reverta «- The 
Poratmg DMPaS at A24 This is l . **, rCSCUed ^ '"ncor- 
G'ven the parallels between nuc,eotl 3 ?7 P,e of a su PPressor. 
P'ng and genetics, we feel that ^ lnte rference map- 

'"ally coined by Sigle, ^ It ^di a con Chemo ^^" orig- 
one-word ! "munuy'of a " d descriptive 

Possible Roles fnr _,^ ,Udl ' n V^J- 

'he amino groups ide ffie^ Sn^ ^ ^ AM of 
assays either stabilize the Pi X Z?" am ,n . ,he exon 

ligation 

o nucleotides known to interacSh r„ "rV" C '° Se P roximi 'y 
highest level of interference in lh Thc s,te lowing the 
G303. It is located in "et^fth St6P - ° f ^ ^ 

94% conserved amone all „ „ of the ac " ve site and is 

It is 100% c^S^SL^. «» 'ota. examples 
wh«ch mcludes Tetrahyrnena ^^J^P of introns 
conservation suggests that G3fn nf, P S) ' Thls hi S n ,ev el of 
l ^l^ArJ^^^™™»«*K role in 
o make a long-range hydro fie „ hr.^ ' h3S been shown 

with an 

« hought to position the 5' exon iS ^ tertiar y intact 
s P hang. I, is reasonab]e J o he , ntro „ active site for 

G303 „ also proximal to the W he£ ? eX M CyC,ic amine of 

nel «- It could contribute to 




• 
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activity by making a direct hydrogen bond to PI as orono^H 

be essentia, for o^^S^SST^ 

the GlT iTndGm P0SSiWe «P ,anations the contribution of 
tne oill and G112 amines. Gill and G112 are both in the P4 
region of the intron active site, and both form canonS Watson- 

duS f37) Gl 2 h US? m ' n0r 8 r Ve ° f the A " form RN A 
3 ofli '' 1 89% conserved among all group I introns 
and 98% conserved among introns in subgroup IC. Gill "2 

sub^rouolci 7?A bUt ' " 92% "° nserved among tht 
subgroup IC1 and IC2 introns (13). This suggests that the 

exocyck amines of Gill and G112 are essenfeffor th TtI 

hy Z? P T? ""I th6ir COntribution ™8h< not be Un iverS T 
The P4 helix ls located within a densely packed rem'on of ,he 

the 1*T * gr ° 0Ve face °^ G 1 1 1 interacte wrth U305^n 

GU onhe 8 pThel } ' demonstrateTthat 
„. U l the P1 hellx ,s Positioned adjacent to the sheared A A 

amines stabilize base pairing wilTp^i^SSK 

dup exstabihty. Improved PI stability is also the mos ' robabk 
emanation for suppression of the G22A mutaUoTby DMPaS 

Sit^ pair which is more stable ,han ^ 

Unlike the other positions in the PI helix G22 is 100^ 

-T U^whichT S 98 ll 7r° UP 1 intTO h S m/ 0rms 3 * obb k P air 

u wnicn is y».7% conserved (13) The effprt 5 t m • 

c~r a ith T i0US eXperimentS that ^actSedSA 
containing a single inos.ne substitution at position 22 (10 11) 

other K StrUCtUre ° f the P4 - P6 d ° mai " suggests that 
other N2 ammo groups could be important for activity (3T\ 

Ld nth?' 6 " 0t deteCted 11 is P° ssibl " that the P4-P6 domain 
and other regions w.thin the intron are sufficiently stable and 
strucura ly redundant that folding is not impaired by the S 
of a single hydrogen bonding group (40) V 
Conformational Changes in the Active Site Between the First 

and" asm"' ' tePS ° f Sp " Cing? !t is uncertai " why the Gl 1 GH 2 
and G303 am.no groups are only essential for 3' exon ligat on 

Sual 06 18 ^ a§ M ^ f ,f XOn hydr °'y sis are ^ilar P bu n™ 
G303 £d Si > } v ° f ,he diffe ™«* «« in regions close to 
thfG22 fiTni t '?i reportS h3Ve Sug 8 ested that the 'lentiry of 
he fYrs 2 sVen EL* th ^' exon c, eavage site is only essential for 

OH s SntiX S ( 1 " e r ariati ° n betwe * n U305 a "d 
win is essential for 3 spl.ce site hydrolysis, but not for 5' exon 



Proc. Natl. Acad. Sci. USA 94 (1997) 
cleavage (38). Furthermore, methylation interference exoeri 
pattern for 5 compared with 3' exon hydrolysis (41) The 
evidence that the conformation of the intron active site (snecif 

ffisawaa ^ is not equiva,em K 

nucleotide analogs and to any RNA or DNA polymer that can be 
enzymatically synthesized and functionally seLL. "Functions" 
Sry s ; de S 35 W Pr ° ,ein bindin 8> seconda y° n : r 
rogene ty e NaZ T' V informational he,- 
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Determinants of Ribose Spec 'fi • 



the synthesis of particular nrl?^ Ure 80 as t0 specify 
-cenjl y)beeno J ur ^ a « have> umj| 

number of studies have S ° Ver ' he P 3 * years a 
««l substitutions in th e 2 Sm & ^ino 
Polymerases that have dram t i RNA 3 " d DNA 

between ribose 3' H- or OH I CtS °" disc "'mination 
^ between ribose T H- or (J 1 '"'^ates (°) 

^ for a review). ° r Substitutions (J-jf; see ^ 

'"corporate* dNMPs The v. i , h ' gher efficiency than it 
average ~20-fold diSn e f " aCC0Unted f °r by an 
s essentiaHy eliminated by m ta2 n of ^ valu « 



i Pham,aceu t ,?a s J* Cemer 

m 'fta^^ 1997 

»•*«* monoX'sptr ' C0Side ™"°^P™'ZT%:£ 



S0006-2960(97)0.609-7 CCO t u n. e " Zyme ^'^ 3ddre " e " 

^* * 14.00 © 1907 a™ • 
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remarkably simil ar to the effer, nf v 
Poation 34 i n tyrosyll N f ^ °. f 3 '° F su bstitution a, 
he V |o F substitute has ittSr in b0th <»™ 
for ut,l,zatio n 0 f , he canon cal su £ f^"^ Peters 
but enhances u,i, ization Tf TLtT ° r 
or Phenylalanine that differs ££7"* S " bstrate ( d *TP 
°"'y m having a hydroxy f Can0nl ' ca, sub strate 

atom ^nbothcas es L m o e S P ^ by 3 
speaficity of the mutant 1^1 mm ° fthe redu ^d 
hydrogen bond between th7 u ' S 3ttnbuted to loss of a 
relevant -OH group Z thl hydrox y' »d ie 

of this H^» I HgXSS?? ,,,C '! SUbStratC - That loss 
though enhanced * ^ 

(rather , han reduced utilization ^ h ° nCan0,licaI subsf rate 
» attributed to the fact / ' Canonica ' su bstrate) 

-mnbution to P*^Z^^."*» little ne ] 
water molecule H-b on de Uc T < assoc ' a, ''on because a 
placed to allow cZmSI ^ must be 

^vious results have a n ' " ^ bi " d 'V 
.^chani sms that ^ addition « 

'"corporation, extension ™ ranscl he ' eVe ' ° f subs t™e 
,e « efficient than extension of f SCOntaini "« dNMPs is 
structure (3). The deteZZfj^T* ° f Cano "'ca 
"tension-as opposed ™ u £5- SPeC,fiC, ' ,y transcri Pt 
yet been elucidated. FunW : n , CO,p0ration -hav e not 
w "h Mn^ + in the synthe" s T a °^ ' SUbStitUtion of Mg" + 
substrate specifici^ of bo h Th P ? f ° Und t0 ^duce fhe 
-chanism of fteK^ ™ a " d enzymes, the 
-yme activity was not adSsLV^Si, ****** 3 " d 

S) 1997 A™_; 




M echanismsofRibose W -r • 
Here we *, Specificity in RNa Polymerization 

"ere we address the^ 



Here we M ™ymeri 2a tion 
^nscnpt C anTe S SeT° n !- find < hat whether a 

by the level of dNMP substimtf L NMP or an r NMP 
^nscnpt. This a p pea r S t0 re fl t a * 3 ' reg,on ° f «* 
hehx conformation in the tranf eqUlreme «' for a specific 
disrupted when the t^^^^M»M^£ 
f MPs. We aIso fi nd X 1^ P ri ™ril y 0 
ess sensitive to nonconserlaL Ca ' a ' yzed reac "'on is 
hat the reduced substra e 7 De ^ "f^'* Nations and 
Je presence of Mn- isl e E ' " ° f the Phrase i„ 
%\ " 0 "<= a non,ca, substrate re 2 *!" ' nCreaSe » for 

WATERULS AND METHODS 

c ^^^^p P ? , 5 d « d -n°ed ^ 
earned out as described (5) ^f, " detem,inat '°ns were 

h zr ? sing,e ^ 0? ^ <, sr fed p^, which 

nomopolymers as templates ^° promoter W, or 

determined as described , ZT I we re also 

""-np.oftoS^- *»8*» c» mplex 




cold NT? is 3719 
in our case t^J^%£™*» ^eled NTP (, e 
than K m2 (in our ° C ^ , J> «» J ^ is not much 

equat,on ' for ^ fc^^* above 



or 




If the labeled NTP * l 

™ C e., both L U rSStZ to *e unlabeled 

» a "NTP, then ^ However, if the 

-corporate of labeled r NTP If ^ ° f frac "'onal 
then equal to N ' F re,a t've to the dNTP i s 

J ^ K dN T p./[dNTP*]) = a „ 
(VmTp + [NTP])}////. " , l VrNTP [EJ/ 

J " ( Vr^ m>rfVTp )/ 



+NTP* 



+NTP 

E-R„ ^= E-R fl . NT p 




A7 • cat - dN TP /A m dNTp) 

descnbed ,„ (ref J} (Hp na ^'n n^Sansferjem plate 
'5 mM MgC|2j 40 ^ A) ,„ 20 L , eac ,, ons P 

0f PO^erase ^ '"'^ 

mcorporation was translated imo P r Ph ° nma8er - ^cent 
^'hesis as a function of rate of ^nucleotide 
"°n''near leas, squares ^ a " d ™ data were fit by 
Menten equafion , 0 den^TtSl f Michae,,s - 

1 EDTA v7 M Tns > 8.0 5 mrVf pitt 

^P we^ S e^ m d? f r binat ' 0nS "f ^PMNTpI' S 

xylene cyanol, and 50 mM EDTA and Ir amide ' ° 
20/0 ac rylamide/4% bisacrvl^.H /!" , electro Phoresed on 

^equantitatedonaM^X^tT g ^ Which 

ynam,cs P h osphorimager. 
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Huang et aJ. 



wt 

Y639F 

Y639M 

Y639L 

Y639C 

Y639V 

Y639T 
Y639Q 
Y639H 
S64JA 

Y639F/S64IA 
wt 

Y639F 
Y639M 
Y639L 
Y639C 
Y639V 
Y639T 
Y639Q 
Y639H 



200 

200 ± 32 

104 ± 15 

86 ±] 2 

15 ±5.6 
8.6 ±4.6 
2.6 ± 0.86 
2.0 ± 0.34 
0-74 ± 0.08 
186 ±26 

m±2 2 

2J ±1.9 

12 ±1.2 

1 1 ± 0.96 

13 ±1.4 
16 ±4.0 

14 ± 2.4 
5-2 ± l.o 
3-4 ±0.34 
l.0±0A9 



12J ±33 
5.0 ± J.8 
8-8 ±1.5 
8.2 ±j.i 

14 ±2.3 
22 ± 6.6 
8-8 ±1.7 
5-3 ±1.5 
nd 

125 ±28 
12 ±0.85 

40 ±14 
1-9 ±0.50 
3-3 ±0.25 
3-1 ±0.15 
10 ±0.05 
32 ±8.1 



^ 

° U 

average 



Mg 2 + 
89 ±13 
7.5 ±2.0 
8-5 ± 2.0 
21 ±4.7 
14 ±5.3 
21 ±3.9 
7.1 ±2.4 
6-8 ± i.s 
nd 

77 ±10 
10 ±4,2 
Mn 2+ 
IS ±2.5 
1-7 ±0.50 
1-7±0.I5 
4-2 ± 0.50 
1-0 ±0.50 
M ±4.6 



60 ± n 
2.0 ±0.41 
2.3 ± 0.41 
12 ±3.2 
9-2 ± 2.3 
26 ± 5.0 
4-9 ± l.o 
3.5 ±1.6 
nd 

59 ±7.4 

4.1 ±1.6 

14 ±5.6 

1.2 ±0.34 
1 -2 ±0.50 
2.6 ± 0.25 



34 ±8.5 
18 ±0.39 

2.5 ± 0.84 
4.0 ±0.97 

6.6 ± 2.4 

M±1.7 
5.0 ± 9.8 

2-4 ±1.4 

nd 

30 ±9.0 
2-7 ±0.57 

9-6 ±3.7 
2.0 ± 0.6 
2-2 ± 0.65 
2-5 ± 0.55 
'■8 ±0.30 
4.8 ± 0.60 
61 ±0.25 

1-4 ±0,34 
nd 



76 

4.1 

5.5 

11 

11 

19 

6.5 

4.5 

nd 

73 

7.3 




p °ly(dG) and po\y(rG) I.wT ~~ 

which dGTP or rGTP was fhl erS fT** in ™ c «ons in 
» -rkers for ass T " ^ ^ 

was determined by divid^ Z 'T^' ° f len ^ n 
^^^^^^r^^ of all 

^ e ™lar amount of all transcripts 



RESULTS 

Effect of Substituting Mn>+ for 
Ac [^ty. Table 1 presents J f ° n S P^ity and 
substitution on the relS 1 * f ° r the effe * of M„^+ 
^polymerases spedL 
«9. Substituting M?fe 
wt ac iv,iy by ^ J0 -f oId J ™f '? reaction reduces 
^^^Man,^;^^ Opiate. Noncon- 
* markedly reduce actiSTf? h t ^ PreVi ° US, y sh °wn 
J 5 "on conservative subs Ju£ s ; T «* ^ 

y 639T, for example is ^jl fZ f ame ^rated. Thus 
enzyme i n Mg - taffe'^J^ d '» «*'ve than the w 
wt in Mn2+ buffer M n 2+ u y M ' foId ,ess active than 
dNTP specificity {(£ ^ 't^ 00 a,S ° »*ct»^S 
» average factor o ^ ^ ( ^^ 'educmgT 
for Y639F. 4 f ° r the wt enzyme and by 4-f old 

Effect of Mn 2 + c,,/. 



^ To determine 
^ we measured 



NTP ^ i _ 

-d M^IZ 0 ^^ P'as mid template in M 

«™ on such template is cn™ r™ 6 "' ° f kinet * Param- 
P"-es of transcript S ( S ^ by the of 
with Wpwci^^vc cycling, elonga- 
*» values. Previously We f ou „H ^' fferent a PParent NTP 
templates in Mg^+ buffer T hat ' witn ^upercoiled 

c °")d be determined (J) ? * m Va ues f °< elongation 

°"e rNTP substituted wS dNTP enZyme and with 
parent that the ^^"^ it was 

the e conditions greatly ini t ? 6 ^ en ^ mc u "der 
^Img (no , shown) J A the , e , of ab 

^et.cs would be dominated V/tH " that the reacti °" 
transection reaction no lonl elon 8 atlon Phase of the 
,,mi W our meM ^° n 3 a PP e ««d valid. Wetherefore 
^ and dUTP becTuT wi JST" Phase values t 
"sed m this study, these Zt^JT*™ 1 T? pr0mote " 
du ""g the elongation phase oTt ^ ,nC0 Wed only 
values can be determined in 1/ tan ? nption - W hile Z 
'neorporat.on cannot be de telneTn' Va ' UeS fordU MP 
because it is m * these assa y S 

of a reduced incorporation Z f ] he contn 'butions to 
of extension of dSXSS ^ 3 redu «d 
fhe ratl <> ofWU can be d ' P SCnptS ' Howev er 
specificity (US* ^ e ^"^.ned from the catalytic 

0 and from fl-S^f^r^^ 
— ution had little or no fee ^ 

u or me ^ m values 



Mechanisms of RjW c„ fl 

,DOSe Specificity in RMA Pni, 
r _____ y K/NA Poi ymenzation 

Tahlp 7 ■ v- . . Z 




*cat,rG 



^cat.dC 



~ _ "V'vii^aiion 

VOL 36. ». „. ;w , 



Y «9F M g) 04 387 ±23 

l — ~ZIZ^^^ 



l -^0A5 o.J7± 0.034 



°-054 ± 0.005 
0-75 ±0.1 6 



F 250 1125 *> 280^7^7 1 



» ta 



Ve39F^QTP 

J2 » «25 S60 2M t« ~ 



,j<rGrA 
«JGrA 



■■;.<#■. .4:', 



,. » „j 



« -"strata specific,-^ , to attribute the re(j 

^/e'ative * C11 va)u y es h ^^ r '^ly to an effect on 

both ATP and OTP o mese substrates (Table ^ c- 

»?t be evaluated ^ith ?^ Values ^purines could 
^nucleotide synthesis t„ 1 f ^ We therefore used 

^bstitutionon^ Si ° Da r the effects of S 
a "d dGTP as elonS' s ?k ? eterS for ut,,iza t<on of Stp 
f o allows ^^^SS,^ 3 > assay 
determmed directly without h '" CO,poratlon °f dGMP to be 
<KMP faeon^^SSSf t0 t C ° nSider ,he effe « o 

specificity than the elo™ • 8 ' ' eVel of ^P/ 
»Mue to a decrease n fWn reaction. This is 
«lat.ve to rGTP (Tab/e f;' for '"corporation of dGTP 
e ongation. The fkc^J^y^ 0 ^ ^thesis vs 
subshtutmn are unambiguously 2! mUtation and Mn" 
"on ehminates the 40-f f" h J ■ The Y63 °F muta- 

*«e two substrates by only a S *» bet *een 

"on however, reduce! the ratio of ^ 7 4 ' M " 2+ su °stitu- 
and dGTP by more than 20-SdZ ' * M ' Va ' Ues of *TP 
on^hcr relative * m f °' d but has ™ significant effect 

m dW P at the in*Z^?^to*V»J% 

measured the rates of GA dYn i"^ SUbstrate »"te we 
complementary haim „-„,: UC,e0t,de ^thesis on a se7f 

^-ingco'nceZion ^fi^ the ^ 
and v arying concentrations of gtp ^^ SUbstrate ( A ™) 
J d e rip reVea ' that > % 2+ buffer Z, GTP - The data '■" 



7" ~^^L__ y 639F 

A m^CTP (mM) 

^mgtp (mM) 

^»i.iotp(s"' 1 ) 

^".dOTP (S~') 

^^^^^ 



0-25 ± 0.04 
0.88 ±0. II 
0-26 ±0.07 
°-22 ± 0.02 



0-32 ± 0.02 
0-75 ±0.18 
0.28 ± 0.08 
0-34 ± 0.05 



S64JA 

0.2T±O04" 
1-4 ±0.40 
0-38 ±0.06 
°-32 ± 0.07 



°-22 ± 0.090 
I-I ± 0.12 
°-25 ± 0.03 
010 ±0.02 



However, while the use of a mtp™ , Ut " izatl0n of rGTP 
«!«. » strongly discriminated Sni? sub strate 
utihzation of a dNTP as 1 8 v by the wt ^^"le, the 

•^dM^m^^'^ ^te is ;„; 

• 3-fold higher K m anVa 8 ii, lv h L W, t en f me *ow, only 
dGTP v s raj? for in^^f*^*. wto, using" 
5>641A mutat.ons and the Y630F £1 , x } ' The Y63 °F and 
not markedly affect these k.W 64 ' A doub,e ™«ation do 

*" substation has a dramatk eZ, u PreV '° US re P° rt that 
specficiry of T7 RNAP ?m Z " ', he substra ^/product 
»nte»y to this report, the sS, A K° US,y ' We showe d tha 
e specificity of inc^^^o" does not affec 
( I As shown in Table 4 t a ,so n e ' 0nga "' n8 subst ™ 
substitution does not affect t PPears that the S641A 
^ ' Spec,ficit y f or the initiating 

^"thesis reaction reveaKa, 1 n f ^ ' he dinucle ot.de 
only w eak , y against d polymerase discriminate, 
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A B 



^GdGdGdGdG- 

rtSdGdGdGdG- 
5dG- 
rGdGdGdG- 

4dG- 
rGdGdG- 




^ ^ . Hu ang et aJ. 



Figure 2: Method of h 

i 1 * rjau i f Jane B shows «im;i. 0 5 ™M rGMP 

aividmg the molar amount of all It™ ^ " ls det ermin e d bv 
*™ed «n^S*«^ of extend 

ranscnpt with a 3'-dNMP H 0 " dlscnm '™e against a 
*e context of a more extended mT' " ' S P ° Ssib,e 
of a 3'-dNMP i„ the J^^f»*» presence 
extension reaction. To eva, u " I ^ detrim ental to 
efficency of extension of tlSfof ' measured 
composition generated in sZduZ ™T g rNM ™NMP 
F'gure 2 for an illustrative xaZ? g r V tImscri P^ n (see 
*J are presented in T*£TL I??****- Ttee 
the wt enzyme extend Wh,ch " is dear that 

J-cfon. (identical substra baf 2 U *" COrres P<>"d<ng 
involving incorporation of an 1 T a " SCnpt se( 5 uen «) 
the Y639F mutation increase" ^ • " " a,S0 «™ 'ha 
«=«*on 8 with dNTP substrates h ^ ° f ex,ensio " 

r ™y™ displaying SiJTT; in addition 10 «* 

'"corporation, i, is alL se £ h J ^ ° f subs "*'e 
"Byrnes disp, ay specif^ oth .^ wt and mutant 
'hey extend transcnnt, ™ , transcn Pt structure in that 

transcnptsTSn ZT^T ^ 
entirely of rNMPs. I, is fo und Z V I 3re Com P° s ed 
'evels of dNMP incorp 0 S • ^ ' that '° W t0 derate 
«"y ™dest decreased he ff ' * Uacri "> ^ to 

'^nscnpts are extended, nor does ^ Cy WhlCh those 
generate a particularly strong T Presence of a 3'-dNMP 

example, to Script extension 



rGrG + rG 
rGdG + dG 
dCdG + dG 

rGrGrG + rA 
rGrGrG + dA 
rGdGdC + rA 
dGdGdG + rA 
rGrGrG + rG 
rGdGdG + dG 
dCdGdC -f dG 

rGrGrGrA + r G 
rGrGrGdA + rG 
rGrGrGrG + rG 
rOdGdGrA + dG 
rGdGdGdC + dG 
dGdGdGdG + dG 

1-GrGrGrArG + rA 
rGrGrGdArG + dA 
rGrGrGrGrG + rG 
rGdGdGrAdG + rA 
rGdCdGdGdC + dG 

rOGrGrArGrA + rC 
rGrGrGrArGrA + dC 
rGrGrGdArGdA + rC 
fGrGrGdArGdA + dC 
rGdGdGrAdGrA + rC 

^rGrGrArGrArC + rC 
^/GrGrArGrAdC + dC 
^rGrGdArGdArC + rC 
^GrGdArGdAdC + dC 
^GdGdGrAdGrArC + rC 

^rGrGrArGrArCrC + rG 

3 Vali. AA ' - 



63-65 
22-25 
13-27 

96-97 
i ~9 
85-95 
nd 

77-81 
61-75 
6-14 

93-95 

92-98 

69-69 

3-5 

2-6 

nd 

97-99 

50-70 

73-73 

nd 

nd 

96-99 
20-31 
77-78 
1 1 — 14 
nd 

96-99 

35-53 

95-95 

nd 

nd 

90-98 
81-84 
87-94 
nd 



Y639F 



57-63 
56-61 
60-64 

86-90 
41-57 
50-54 
10-16 

68- 74 
88-90 
49-57 

69- 76 
66-80 
58-61 
31-36 
20-30 

8-13 

92-94 
82-85 
61-64 
60-69 
4-4 

95-96 

92-94 

65-72 
40-41 
69-72 

96-98 

88-94 
91-93 
32-34 
75-84 

82-85 
71-76 
77-83 
15-22 



0 yalU ^™^^^ !^-__J5-22 



to extension of rGrCr-n a 

^ciency of extend Z^t ^ d — s In 
structure occur only when ( ) ni l attnbut ^le to transcript 
<n length and (2) it \ ^y ^T 'T ^ 3 bases 
3-5 bases nearest the 3'-end 0 f Z ? Wth dNMPs ™ 'he 
that transcripts 3 and 4 I ^ ft is before 
^'-terminated with rGMP " ,n ,en 8'h 'hat are 

- 3>sit,ons are at the intem" 

*an transcripts of otherwise w«S ! y 8reater efficienc y 
a dGTP at the 5'-position T .£ ^T"* bl " ' hat Can * 
effect , s observed if the relative gUre 2) ' A simi 'ar 

'GrGrGrArCrAdCdC ndSSS effiC,encies of 'he 
are compared. Thus dtSS^f dMCdC trans cripts 
2-4 bases away f rom the 3'-b as o ' ' ^ " P t0 

'he efficency with which the 7r ° Ubetransc W can affect 
^'her with the resu, f r ^ ^7* ? 
reacfons, these observatioT il,v ^esis 
mutation enhances dNMP nc0 m2 °l ^ the Y63 ^ 
extension of dNMP^bstiS^ " bl " d ° eS not a "ect 
of a y dNMP or . nwS^iSffip® the prese «ce 
'he segment of , he of f MP substitution in 
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____J^eSpec 1 fi clty ln RNA Polymerization 




^ * No. 44, ,997 , 3723 



Wt 

V639F 



160 
160 



2-0 (0.9-2.5) 
156(108-200) 



d GTP + rGMP 

4.0(3.2-4.4) 
172 032-232) 



32 (28-46) 

activny value of 200 ^ ^_i^-227 52 44 6 ^ <0 ] 

m«/mL homopolymer and 0 ^M n ? tables co ^spond S to Zln f^^^ 

stronplv r^, . ai ine J -end of th^ t^„n„_- . ~~ : 



dATP 



<0A 
<0.I 



rGTP 



tion in the 3-5 k» ~ 

-ngly reduces ° f * ***** 

One interpretation nf n„> , 

the conformation of the Z " g obse ™tio ns is that 
ac "ve site is an imno* ~ ^"^P 1 "* du P'ex in the 
the extension reaction. F n^TT ° f ^ efficienc y of 
template conformation coufd Te ' ,he A Canonical transcript- 
hybrid and the extend™ ■ a " A - fonri RNA-DNA 

dNMP substitution in theTan " C °" Se , c l uence of extensive 
influenced by ribose lc^d U n> " addit ''° n t0 be '"g 
JO" is strongly lnflu ^ c ^ t^acff ^ C ° nf °™ a 
base composition {12-16) Z Z 7 * SeqUence - a "d 
(dT) forms a B-type struct, m f^^ar, poly(dA).poly- 
^tructure even a S !? nd , rcsis,s forming an A-like 

while guanosineS C DN ^ ^ B " fo ™ ™A 
formmg A-t ype structures W J d rT , ^ amenable to 
be expected to be especially y(dG) ' po 'y( dc ) would then 
structure, and in facTt h 's L^TT nl? formin S an ^Pe 
he A-form in ^" (y ^^. WA ^« known to 
activity of the wt and Y639F en f ° re measured 'he 
templates (T7 RNAP efficfen r^h" • h ° mopo, y ,neric 
transcripts from polypyZZ » Sy " thesizes Pdypurine 
'"dependent manner "! " tem PL ates a promoter- 
enzyme synthesizes either nl^,'" ^ 6 > the ™39F 
(d0- P oly(dC) as a tempi! S2? } ° r P °' y(dG ^ with P«ly- 

-tivity under theseSTcCitirr'^ 
d 'f 'ays s.gnificant activity ^ S the wt ^me 

P0ly(dC) template. T S ^aS S ° Symhesis on th e 

^00-fold less active in synt eSn W that Y639F is 
on a c p )ex sequence jnthe,, 0 f p » N ^ ^ 

attributed simply to the fact thJ /J * Thls can not be 
template since^lact^ 
reactions with the P oly(dA) d 1^tT dATP in 
abolishes the activity of bo th Z V T phte ^P'^ly 
Thiswas f^^^£™*** enzyme/ 

of the wt and Y639F polymerase n " g aCtivit y 
reactions in which rHTP . , " su P er coiled pT75 in 
d 'TP (Table 6) dl-fr Z by r ' TP ' ^TP 0 

i" that they str^ ^oTaT" are d A-dT base pai j 

«ons and resist trfnlSZZZf? "T^ COn ^ 
reactions with rITP w "ndi^ , (/ ^ y<5) - Activ ''ty 

reactions with rGTP Z md,st 'ngu.shable from that in 

d iscrimi nation ' i „-T™ B *? ut ,here 

was no stmno 

However, the acfiv^of hTSp ° f "* ^ base 
b y more t han 40-foId when dlTP W3S reduced 

reactmn, suggesting that The stroll ^ dGTP in the 
Pa<rs to form B-typf hS mav h § ° f dI ' dC ba se 



0% 5% , m 




4rNTP 
4rNTP 
3 rffTf* dGTP 
3 ' NTR dGTP 
2 rIYTR dGTR dATP 
2 rNTP. dGTR dATP 
2rNTRdGTR dCTP 

2 rNTR dGTR dCTP 
3dffTR rATP 

3 dNTR rATP 
4dNTP 
4dNTP 



f^^JfirS^ °" r 3nd Y63 ^ activity 
Tmnscnption reactions carried n T° nS u° f rNTPs dNTPs 

ssr mark ^ a«i ss!s^^ 

helix conformation by desTabJiVin^ ^ ^ g effects -affect 
thereby fa Vor A -fo Jhelices \ Vn? StrUCtures ( and 
test the effects of methan i^/^ We dec ' d ed to 
t<on reactions with varying rl T dd,t,on t0 transcrip- 
fTPs (Figure 3, Tabn\MT b 7 ,natl °? °f rNTPs an' 
'5% methanol , 0 reactions fJ^t^ addition of 
ft-vity 0 f both the w, o Y639F no? 11 ' ^ reduces th ^ 
Substitution of rGTP by dGTFM °'y mera ses by 4-5-fold, 
enzyme reduces activity by 50-20o1m?h '° n With the wt 
methanol concentration) though , , ^"ding on the 
mutant is reduced only -4 2 TZ** W ' th the Y6 ^ 
reasons in which one or twT^£ °" ° f metha nol to 
d NTPs does not significan trv i WCre re P !aced with 
Y «9F activity; how t 'd'd t on ^f ^ ' eVe,S of 
react,ons does increase ac ivitv h methano1 10 sucf > 
out with four rNTPs at thl Ve '° reactio ™ earried 

These results sugges tha t rne IT conc en,rat,on 
0" the reaction: ^ 3t ' east ^ effects 

-ncreasmg methanol concenS ?e h?T aCtlVity with 
depress activity to an even ZTrV °' W3S found to 
less useful in this rej^.^ ^ " nd Was ^ore 
sensitivity to replacemfn t of rNTpf K W ' th decreasi "g 



" m « x , I99J 




^^^^^^^ - . 



167 ±27 
82 ±7 
' ■3 ±0.1 



0% 

*-8±J,6 200 
1.2 ± 0.2 52 ±8 



NT Ps (alcohol) 

I5o/o 

4rNTP S (EtOHj 2 00 
3 rNTPs, dGTP , , , n , 
(MeOH) JJ±0 - 1 

(EtOH) U ±°-I o±02 

2r NTP M T, dG 0J °" 48 ±0.1 0 .8±0.2 08 ±02 ' ± 3 M ± 3 45 ±, 

(MeOH) °- 33 ±0.I 0.26±0I n„,, ,4±2 IS + i 

3dNTp S)r ^ Tp <Q3 ±<U «^±0.I < 0 .4 <04 i8i ^ 19±2 2]±2 

(MeOH) UJ <0.3 <n , 14 ±3 ]fi ,, /U±3 

iSISiWSIO^JU <0J ° J <03 <0, 33±1 18±5 *±3 22±4 

^^-^^ 

methanol (v/v) 



wt 
V639F 



0% 
75-83 



5% 
75-93" 



10% 



15% 



77-; 



20% 



dN ™ dominates a " ^ ^."^ senSy" J 

reaction with Y639F leads t f ? ° f 15% met "a"oI t 0 the 

'"absolute activ,, y . ^J*"* 

h * degree to which methanol 11 ^ net inc ™se, 
f- multtple dNTP r e pla cemen £%? m reduces sensitivity 
IS actually much J,*™* ,n transcription reaction 

Y639F activity by > 60 0 fi u S W,th dNT Ps reduces 
S-^ ^^te ,n the «e C 
E 0 " than the 4 r NTP Leon W6r the 4 dNTP 
fold decrease in the degree tZ^^"™* 0 * 3 " et 60- 

JXZ ^Zt? 

^^^^^ 
h ™ than su bstrate structure an Y« anSCnpt struc ture 
had «s largest effects in "he T ^ methano ' addition 

addmon on the relative rates oS u f ect of methanol 
'"corporation in reactions in ^ u 'OTP or dGTP 

Pjsent ln large ex J^J^ unl beled rGTp GTP 

dG TP incorporation k n «T . conditions the ratP n f 

future the ° r 'J™ by e ff ects on ^ * 0 
^cripts is , ess than ^ 0,y w ° f dGMP ™ the 

had ,itt,e effect « ^tSs? that metha -' 

ln s "ch an assay (Table s/i GTP s P ecifi city ratio 

than"? eXtenS ^of^SkZTjJ h r ^ ™^ 
!l an "coloration of dNMPs rl ed Scripts rather 
e * a ™"at.on of the tra 3 J T J, > was also sup ported ^ 

P PaMerns obtained with the 




gels and visuan^ f/" acr y' a -"ide/4% b^U£W eu * 
were mad,. h„ y P hos PlioriniaBinp y,amide/ 6 M urea 
obtained 1 " om P ari son to poS g an S f| e<) ^ nce alignments 

the iKwOTTO" ^"2^^ 



JTP, dATP + rGTP, rATP + S»° n ° f N?Ps: rAT P + 
( p 'f re 4). The steady-s^ + dG / P > and dATP + dGTP 
"J 'assays is limited^te^^"^ Production in 
both the incorporation of dNMp anSCnpt re,ea ^ (20) 

obtained on this promoter S ^"'^'P' Patterns 




reaction has invariably been found ,„ u G ' sl, PP^ 
heterogeneous sequenc "ytZt 1^°^ tha " 
enzyme is mutated so that ft fci t Whe " ever the 
has been found that no v G ll * T tly ' eSS active > 14 
during initiation (2/lS S. , f er SyntheS ' S P redomi nates 
is less efficient due tfL™ ° ? CCUrS When the reacti °« 
structure (3) for examS nC ?™ ,ra ' «*«rate or Script 
dGTP reaction^ ^ J * °* metha "°>> "ATP + 
dGdGdG trimer is extendi T that most ° f the 

mers ratherXn the h, f Iar ger poly(dG) oligo- 

Addition of^tC d^TaE 2™ ° li8 ° merS - 
<n the rATP + rGTP reaction m , transcn Pt Pattern 

However, in the dGTP -4- r a td JF reaction, 

has a clear eflif^ 

extension of the dGdC.dr, tw L the effic,e ncy of 

extension to forrn ,ong£ poS 31 the eXpense «f 
amount of the 4 dG P °' y(dG) ol, gomer S so that the 

the ^itv^LTst^r wh,,e the ,eve,s 0f 

the dATP + dGTP r!! f q u ^nscnpts increase. In 
greater: wt^S^^ ^ I ™*™ 1 * ^ 
heterogeneous seauenc "1 ' S Vay ' ,ttle Paction of 
sion of tteSj^j^F ^ th6re is ,ittle e **»- 
while addition on c tr;in ey °^ d ? ^ in le ^ h ' 
progressively increaS™ Sf t evtThe^ methan01 
sequence transcrinK a nH tu J • heterogeneous 
(dG) oiigon^^^ With ^ «he poly- 

DISCUSSION 

Use 

cause a reduction in th I ^ , * ge " eralIv been f °"nd to 
en^es J^^^^JJ « of 
transfer reaction. For T7 RNAP !° I - J 5 ? " phos P hor yl 
discrimination for inco joration of a r de ' ^ 
dunng elongation or inco^orSo of a V/* y W nmtd ™ 
formation of the fir* „ijTT - deo "ypunne during 

't would have been difS,^' T 2 ° H interaction - 
substitution could nJue S ° UnderStand how M " 2+ 
mechanisms and effects o f M^f 3Cti ° n - The m °' eCU,ar 
mutation should fi>« b r f™™ 3 " d the Y639F 

-d th ls is what and d,st,nct ' 

polymerases In add En ? ra " 8e ° f CffeCtS with man V 

base misincorpora^ re,ati - 'evels of 

utilization of sutaratei ™ ' nCreases the re 'ative 

the base, nbo e or nho h t " fferem P ° sitions °" 

34) or even inThl T ° fn0nCanonicalstr "«ure(ii 

St-icm J a e^ 0 t e of t! n " ° f 3 tem P' ati "g base (W 
to perturb the Mn° + "f 9 , active site also appear 

^V-Sn^SS? r TH ,0n ^ ' esserde g-e than 

Mn^ + fcrl^irS 5 US ,' Wh " e substitu "'°n of 
g markedly reduced the activity of the wt or 
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^scsr the activ,ty ° f the ^ 

a. position «9?HSTT , ^ Ve SUbStitUtion " 
only a small degr£7fi£ ' ° f these muta "ts to 

been made in othfr Ty S ^ -"TZtrl^ ^ 
of effects is effectivelv «,!« ^ ^uch a broad spectrum 
*cMn»-caJS ^- ™ by the state ment that 

of reactiv g oCr" 0 " ,S T^' 6 a wider range 
reaction, so t a it ? ,"2?? 1 an iS the ^-c-^yi 
group geometric l^T^ in ™»* 

structure or to nonconsert "e IZ-^Z T 
as yet unclear what nroDertie, ! f+ m "tat.ons. It ls 
[greater softness of^^^J^^ t0 ^ 
hydration/dehydration tioU , i } ' faSter rates of 

Be^xsr q s n £ s -~^ 

review the available Sin IT""* t0 briefl y 
template-primer AinlPv J" tne str uctures of 

the er^T^ m ri r y * h With and 
conditions on dXconfo^ S, ^ tUre ' a " d SoIution 
polymerase-primer- emp T a J^LT" C r 3 ' StmCtUreS of 
the duplexes in the achvl !> ? " HaVe revealed that 
varying i„ dZtis *Trl T StmCtUres that ' whi]e 

famihi SJSSXStfZ* 7 B " f0rm 

formations (/ 14-1 a dn A , iyonas rav or A-form con- 

suggested thL\he rnA-DNA hybrid ^ ^ bee " 
site assumes an A i , f V the RNAP act ive 
"mited direct v fde^ c Z ZT ^~ 45) ' ^ SOme 
DNA-DNA duplexes f vor R f ' bee " ° btained 

basis of ciystal struc urt ^ht r (/) ' 0n the 

rNMP in^a ~7t£^^^*«*** t 

sufficient to stabilize an a f« . en ° duplex is 

all involve crysu s erown"^ T™' bUt SUch studi « 

«««n^32i^ COntaini «g high 

conditions th« ale exL t hT ^ yl " 2,4 - pentanedio1 (MPD), 

grown from «n^ci^^ , ? ,,, I DNAc » be 

base pair junction region and a hvh w T?™*' 3 2-3 
varying degrees of A iL ! y " d hel,x forrn w 'th 
segment dep 8 e d n g 0 n1; fe„pfh ara f r the RNA " DN A 
Such structures frnnlv ? SeqUe " Ce 

dominant effect o h L c„ f ' e rNMPs mav have a 
hybHd is not o^^X^PJ*"- in a 

are predominantly DNA are rJLi TV ch,meras that 
At the level of seouenceTS V V A ' f ° m solutim - 
are more amenable t0 fl^ n dG ' dC ba - P-» 

dA;dT or d.-dC base S" fl4~ ^ ^ dther 
Punne-pyrimidine sequence s ftvnr n f a,te mat.ng 
degree than Polypun^o^ 

amongst pure DNA sequences tha Zl u (I ^^ly 
(dG)-poly(dC) is A-form S^^S P 0 ^" 
factor in the stabilization of the ^ r 081 A cntical 

ordered spine of Z hS„ , ^ stru «ure is a highly 
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«p t , empla( ;° 3 c ; a " g e ln the conlbnntti o?S 

?™ure to a B-like sfructure ^ fr ° m a " A-l ke 
following; (I) dGTp ™ Specially we find £ 

fleece, , he p res e„ ce J^,^ as an initiating 
"o' particularly , imitl ^ ^MP ,„ the transcript if 

moderate level of dNMP S uhV t npf extensi °". and a 
™destly reduces exteliontE' 0 " ,he ""^P "1 
of 'ranscript extension iZ^^ & ^ efficiency 
bases nearest the 3'-end of T? * KdUCed whe " the 3-5 
deoxyribose. These are Predominantly 

dp '' h 3 c ° nf on»ati onaI effect caused h \ X are consist ent 
deoxynbose content in the reZ P^ominantly 
Jy nd, d (0 (he WA ^ . o t e transcript which !l 

roJ9F e "zyme is >600-foM i„ l } The activ 'ty of the 
P- RNA synthesis on a ^ T ^ ° NA «- £ 

PoWdO-poHdc^X"^ a .et.vity i s near^S 
of rGTP vvnh dITP than with dGTP * '° re P ,a eement 

» »<l»c»g such . „„"' a "°' ,! ""•»%»»,» efTMi™ 
Jerefore problH . ™'°» Mar, mel»a„ol /,» "= 

J: :?* «*• '« p» diss *• «• 

™ Polymerase or bee.„„ ' "P°" association wi,h 
ISc^ " DNA -°'« PnmeSiT? P<*me,,se 




that disrunt th, u a . Huang et aJ - 

it p K:sr„rx «** — w , 

hybrid, such features of thTI ^ W ° rks wi,h a " RNA-DNa 
J f0 -e an appro/ -.f*^^ 'left may be ina^ 
dupkx, but together wSh TotheTf W,th a DNA-DnJ 

conformations but are in h acIors that also favor A form 
a 'eoho, concentrat e I * 6 '» -lation 

We d 0 no( knw met) ^ oI P ™' e for effi CIent extensj 
f ° this purpose, but it is D0S 1 * T erTe ctive than ethanol 
" 'ess disruptive of po^ » because meth ano 
assessed in a 4 rNTP than is ethanol ? as 

-e allows it readier ££j ^ "because its «££ 

M e o^dr 6 ^ 6 blndmg de « Pt ' temp,ate ^brid 

» Wa ^enCXS addit, ° n ™ to effects 

'hat the enZ y me becomes slonn P ° lymeT ™ structure so 
^mcal substrate orTranscS^ re ^ ir ements f or 

effects on the enzyme are %ZZf?T* ^ StfUctura 

ever w e 0 add '' tion °" activSf^ effect 
ever, we have generally fouJ u . P reac( >ons. How- 

e Sr ° f —-'ea SSl* 0 ^* the ^ 

sample, nonconservahv. r 105 ^ 3 ^ even more f~ 

taction than it is durini " ffic ' ent din "eleotide svmh 

^e^tionsare'^SSh 0 "^^ ' ^ S 
of opnma, catalytic geom t^ o t e ' ^ the ^-'on 
active site involves at* n f he react,v e grouns in ti, 
P^merase,empS t TjS^^ 1 " 1 ""^^ 
Pnmer/transcrip, te^S^^f. Polymer!: ? 

c u ,nt eractions via a st n,„» , Chan 8 e s m any one 

: Beca "se of the hLh. kmetlc Parameters 

catalytic rates to change "° n ' inear response 0 

nse to more than multinlicativ/ # V e ex Pected to give 
a re seen , 0 do (TmTT-Z ™* ° n activi ty. as th ev 

" ,s possible that in *aa- ■ 

2 ]n fd«* u • " 



' "ViiH 

in fact it j'c nn 'Li 



Mechanisms of Ribose Specificity in RNA Polymerization 



A-form 
(^JicienUy extended) 




' " ri d 



«3»F Mutant: 




0 




0 



or 





Y639 sid Tcha^n J iTlultm.ed ^ '^"l? ' S mediated b y 
that used by Y3 ? „ 53 t^T a " iSmana '* usto 
tyrosine and Jh^Kw^,' 0 discriminate 
on transcript extension are ? tSmctureeffects 
transcript and inS encomp s " a 5^'° of the 

transcript 3'-end The comX 1 f CS (or more ) at *« 

sequence, and rihSST ^ f " the effeCtS of a,coh °^ 
(A- vs Biform an it ^effec^ of 0n he ' iX confo ™ation 

of transcript extensiM^nlv^L fa , Ctors on the effici ™V 
template hybrid for efficL, ^l"™ for an A-likc transcript- 

structures (B, C, D, etc ) ] ' X ™ refers t0 a " B - fan % 

chemical specificity for RNA contribute in other wavs to 

the efficiency with which the transcript is extended H« 
ever b e e find ^ ^ P fended How 

2oZl7^T nt " P ° ly(l<J) Synthesis > «S be a2 e n y 
^u/o methanol the activity of Y639F in a 4 wmtd . 

» only ~.0-fold less than in . 4^ n^^TT" 

I tKn de r inant 

olar« nn c g fhe em Phasis that Figure 5 

« ntee (TjMes 6 _ 8) M ^ « 
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For s„c , purposes „ , s impomnl liM , h 
s.bsnnued NMPs Tor ™m„, '""W" of 2'- 

observa, suggest that nucleic acids with any Sired .ev 

destabilize BlrI 6 l e e s 72uM Ut, ° n C ° nditl ° nS that 
ity could be idemified ^P™'" 8 enzyme activ - 
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